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R EMIN ‘ISCENCE S ACRAME LI ‘ORNL A 


“title of this paper it dealt with the evolution of that in all. of its 
civil engineering aspects: Location, river control, municipal engineering, rail- 
highw ays, park reservations, and legislative histor; aif 

he first appearance of. a town in the neighborhood of was 

au named New Helvetia by its founder, Capt. John E. Sutter. | It was protected — 


by a fort built i in the period, 1840 to 1844. n name, Sacer ntndinto, appeared | 


after the gold rush i in 1848 and 1849 had begun. Bit grote 


_A significant description | of early | beginnings: was given by Mr. Grunsky, hea 


—— 


a0 “When gold was discovered on the American River by James W. Marshall 
in 1848, Sacramento had a population of about 300. Tt had grown to be a - awe 
thriving city with a population of about 12000 before the end of 1849. The 2 2 
was then reached _by boat—at. first mainly schooners, but later river 
steamers—and naturally it became the great center of supplies for the mines = 
of the central and northern portions of California. 
little later when Engineer T. D. Judah made the first surveys for 
4 ‘railroad across: the Sierra Nevada Mountains, Sacramento was selected as the | 
‘S starting point and it was here, by the big four’, all business men of this city, 
that the plans for the transcontinental line were perfected. * * * = es 
 _ “Tt was natural, therefore, that the railroad shops should be located at 
4 acramento. — ‘These and the fact that Sacramento was early made the seat of 
the State Government did much to maintain the city’s prosperity in the dull 
days of the Seventies. which follow ed decreased activ ities in 


adequate building was supplied. eovely Gt tnew 


Cons. Engr. BE. Grunsky Co.), San Francisco, Calif. 
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to Mr. Grunsky. San José, Vallejo, Sacramento, and Benicia served, succes- 

sively, until on March 1, 1854, the Legislature met in Sacramento’s new 


TECHNICAL SESSIONS 
OF THE 


acramento is si wy so that river- -control problems have been acute from 


Sacramento been built 
to at high stages the American and Sacramento 


Rivers. Both these rivers, when at flood stages, sent large volumes over bank. 

7 The business men and residents had their first serious experience with flood 
waters in the winter of 1849-50. This was repeated in 1852-53. Thereupon 
measures were taken to keep the water of American River out of the city and 

to prevent the Sacramento River from overtopping the water-front street. To 
this end the water-front street was raised and levees were built along the 

- American River in 1853 and 1854 and along the north bank of Burns Slough— 
slough which passed just to the north of Sutter’ s Fort.” 


Detailed and thrilling accounts as related by | eye- -witnesses, depict harrow- 


experiences that” as a result the floods dating as far back 


oti Me! Guimaliy’s personal experience with this city dates from 1879, at : 


eT he: recurrent floods brought the business men of the City of Sacramento 
toa realization that something more should be done than merely to throw 

. up an earth embankment with the hope that this would confine flood waters to 

‘ _ the rivers or would keep them on the river’s far side. It was, therefore, decided 

_ to raise the down-town streets, particularly J and K Streets about 10 ft. This 
was done and store and other buildings were modified to adjust upstairs floors. 

to the new street level. Two-story buildings were thus reduced to one-story. 
- appearance. For many years after this time, well along into the Fighties of the 

last century, there were along J and K and the numerous cross streets of | 
ey down-town area rows of one-story buildings, generally of brick, in front 
of which the sidewalks were sheltered by flimsy portico or porch constructions. 

Here and there only did the business blocks rise to a height of two or three 


od Various civic organizations took up » the fight for beautifying and improv- 
ie city, including an Improvement Club and the Bric-a-Brac ‘Club. Public é 


a agitation resulted in | continued civic improvements from that time. 


; Concerning early ¢ attempts at street imiproverients, Mr. Grunsky stated: 


e first experiments with asphalt paving at Sacramento were made about. 

. 885 or 1886. The material then available was natural, so-called, bituminous 
rock. _ This was obtainable at Santa Cruz, where certain beds of sand were 
ae with asphaltum of various degrees of hardness. By a nel 
mixture of the rock from various parts of the quarries an asphaltic sand was | 
ts obtainable ig had all the valuable properties of the artificial wearing sur 


use of for paving was meeting with San 
cisco and elsewhere, why not at Sacramento? And so the experiment was 
- aa on lower K Street where a short stretch of cobble pavement was covered - 
yes oe with the bituminous rock. There was no binder course. ~ And, of course, due 
ae to varying thickness of the asphalt layer, and aggravated by the thumping of 
ah - the wheels of the heavy laden, dead-axle, steel-tired trucks of that day, le 
_ wearing surface quickly went to pieces and the conclusion was general iy 


mand. that the climate of Sacramento was not — for the asphalt 
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2 from F ‘sioners, I was called upon to recommend a pavement for the vehicle area in 
rear of the Capitol. Despite the prevailing general prejudice, I 
vile ai in convincing the Commissioners and drew the specifications for a bituminous 
built Brock pavement on a 4- in. concrete base. It was “prescribed that the conerete— 
mento should be laid upon the well packed macadam already in place, the surface of | 
bank. which required but little dressing to grade. 
| flood ” _ “When the first loads of gravel for the concrete were delivered I binihialtitey 
pe te material as not suitable. Some of the pebbles were rolled nodules of clay — 
i? which could be broken with the fingers. Tt is the best obtainable’, said the 
. To foreman. ‘Oh no! Let me show you.’ ae so a trip was made up the Amer-— 
the ican River 14 miles to Mayhews w here excellent material could be had. 
ugh— _ work stopped ; the ‘superintendent | on the job conferred w ith his principals and 
tia a few days later notice was received that aggregate for the concrete a 
ATTOW-— _come from Oakland by steamer. Cobble stones there being removed from the | 
streets were put through a crusher and the rock and other good mati 
resulted in a foundation layer not merely ‘good enough’, but really first class. 
Needless to say the pavement came up to expectations and was in service u 
about forty years before any great amount of surface renewal became neces- 


that ‘the climate of Sacramento was not at 


mento 


throw -five years ago, on. the history and 


research. Interest in restoring and preserving Sutter's Fort for posterity as 
an historic point of interest, was ‘first shown in 1889. As a an example of how 


a civil engineer may | assist i1 in good 1 works of this” kind, the following i is J 


“At that time the walls of the Fort ° were gone. The center building alone — 
was standing. The original south wall of this two- -story adobe building had — 
been replaced by a brick wall. , Its doors and windows were gone. The stras- 
ture was at that time occupied, or had only recently been vacated, by a rag- 
+ picker or junk-dealer. To the north of the building on the bank of the ime 
_ which took its course from east to west past the building was a pile of miscel- 


laneous rubbish, in which the then familiar 5 5 “gal. oil canis predominated. 
party of interested 1 men, including Mr. Grunsky, a to the 


its and relocated its exterior walls: the sites of the stores, blacksmith 
d = shop, grist mill, and distillery, as they had been during the gold rush. Baa 


was in doing this, to ‘Mr. because, 


inous 


were 
cious Fairchild had a blacksmith. in Fore and 
| was - maintained a coal bin in the corner room. When H Street was filled to official 


‘sure at this point the blackened floor of the coal was covered by the fll 
halt. ily disclosed by excavation.” 
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THE CALIFORNIA PLAN FOR CON SERVATION OF 
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— | Mr. Hyatt. It: was based upon the classification of regions as either arid, y semi- 


Un these criteria Eastern United States is termed humid a the 
western part arid or semi-arid, the dividing line being approximately at the a 
Sta meridian, which passes somewhat west of the center of Kansas. The © 
State of Kansas has thei allowance for the dissimilar water supply conditions 7 

within its borders by enacting a different water code for the area west of the 

99th meridian that in force in the eastern half of the State. 
The seventeen States lying partly or w holly west of the 99th meridian 


come to be considered the arid or irrigation States, which 


inelude North Dakota, South Dakota, Kansas, Nebraska, Oklahoma, Texas, 


and all States west of those named. © An association of the State engineers of 


_ these seventeen irrigation States is actively functioning on matters pertain- 
ing to water, w ater rights, irrigation, reclamation, and similar items of com-— 
| mon interest. These so-called arid States include 60% of the land area of the . 
' - United States, 50% of the farm lands, and 91% of the total irrigated area, 
as well as 19% of the total population and 24% of the farm population, of the 


FUNDAMENTAL ConsIDERATIONS IN ATER Conservation 


" Seareity of water supply makes conservation a more urgent mere in the 


West ‘than i in ‘the Eastern or Middle Western States, said Mr. Hy rat, and: 


aa or maximum conservation is to be achieved, it ‘naturally follows that 
the most complete possible utility must be made of existing water ‘supplies 
u for all useful purposes. — Before approaching the purely technical phase of 
f ‘the study, therefore, the engineer should have a clear conception of funda- 

mental consideration such as all present, -and future beneficial uses of water 
in the region under investigation, their relative importance and amount, 


whether consumptive or non- consumptive, | degree of interference one with 


another, and legal or commonly accepted priorities, 


Uses of Water: co onservation program must take into consideration all 


the many and varied uses to which water may be put. Mr. Hyatt presented 


“five broad groups, as follows: 


—Consumptive, “which includes municipal, stock, industrial, i 


and some forms of mining and milling, 
—The extraction of energy inherent in water by reason of its 
blea relative elevation, in which class are hydro-power, inelud-— 
ing both hydro-electric and hydro- mechanical, an and hy- 
“Third—Use the buoyancy of water for transportation | "purposes, 
trond: bad consisting of. all forms of 
bras “Fourth—lIts utility as a scenic attraction and by reason of fish life 
et balin ‘This class consists of recreation and com- 
tee ag ‘Fifth. —The control of water to prevent damage; flood regulation, 
 galinity control, and drainage. Salinity control, perhaps 
Te peculiar to California, consists in furnishing fresh water 
ever hold back saline encroachment from the ocean and bays. 
eH the birorlnda Drainage i is a concomitant of irrigation or of farming wet 


All these uses, he dein ed, are important in California and the ¢ effect of — 


interference between the types is an important consideration. Furthermore, 


the relative position: of the divergent. uses should be known. 
— f 


5 
— | 

| 
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"August, 1930. 130.1, “TECHNICAL SESSIONS 
_ Steps in Solving the Problem. —The first | step is to collect and ‘analyze 
erin canes data, especially those relating to the supply of water 
available. This leads directly to the study of ‘storage, ‘upon which’ the 
ject of conservation hinges. To quote Mr. Hyatt: 


e con-— 
servation “of a waters. Therefore, reservoir sites are loc | 
-searchingly analyzed as to adequacy, cost, and yields through the dry cycles — 
which will determine the economic size and yield. It is not generally possible 
to for use more than 60° to 80% mean disc of a stream, 


‘and 3 reservoir sites.” 


_ Of equal importance with a study of water cuit is an me sis of sic oa 
and future water needs. The ‘principal of water should be the 
guiding” consideration in determining its allotment, s said Mr. Hyatt. 
Ris, “Tn irrigation States, such as California, more than (90% of the’ water 
consumptively used is for irrigation. It follows, therefore, that any devel- — 
- opment program in an arid State will revolve mainly around irrigation, giving 
- due consideration, however, to all other purposes. A determination should be 
made of the arable lands of the State and of the quantities of water needed 
for their proper cultivation. This requires a classification of all such lands, | 
- which while necessarily of a reconnaissance nature, is is based d upon soil, topog- _ 
raphy, climate, location, and® "upon economic factors.” 
With - these two phases completed, trial studies may be made which will | 


result in a comprehensive plan for utilization, Within the territory consid- 


a ered, some regions will be found with more water than will be needed and other 


7 regions with less. Mr. Hy att explained that then the problem resolved il 


into deciding how amuch water could from the one 


region wi 


proper location reservoirs, the “primary of the water 


(irrigation, in California can be exercised; and, at the same time, secondary 
g > 
functions, such as _ generation of electricity, flood control, ete, can be accom- | 


"plished without serious “Hyatt ‘commented on this possi- 


lood wad nd. other ‘wees may seem to be difficult of 
ry a single storage, "hod to the fact that to serve flood control alone the reser- i 
voir space is reserved for that purpose, while to accomplish the other intents © 
ey is ordinarily filled as quickly as possible. Many engineers believe that these ' 
uses cannot be combined except through the medium of open ports in the dam , 
which dedicates the storage space above the ports to flood control and the e 
space below to other purposes. An intensive study of flood-flow characteristics, 
tion, _ however, has led to the conclusion that the use of reservoirs for flood “control 
haps. compatible toa marked e xtent with that for other services. ba prey: 
mi 
vater “Knowing the seasonal characteristics of rainfall and run-off on a given 

bays. A. ieee basin and stream, it is possible to design a method of holding a— 

. "predetermined amount of storage space in reserve through the ‘flood season 4 
for equation of the peaks, and after the flood danger has ‘definitely passed to 
allow the reserved space to fill and permit the reservoir to perform full service 

§ thereafter for other uses. While the power head is decreased during the flood © 
season, by passing the larger quantities of water available at that time | of —_ - 
through lower hend, the in output an can’ be to minim 
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9 ‘The next step recommended w was to specify the proper economic order in 


year the various units 8 should be constructed, , since they should no not t be built 


unused w vorks, ‘resulting from optimistic estimates of rates of colonization. a 


7 ‘Regarding allocation of costs among all beneficiaries, ‘Mr. Hyatt stated his ro 


State United States ehould be to participate in the 


— eosts on the bases of State-wide and Nation-wide benefits to be derived under 
existing ‘State and National policies, or as the same may be reasonably — 


rassment to irrigation ‘projects in the West: are due to ‘interest charges on = 


expected to be modified in the future. There will be an undoubted State-wide a 
value in that the cities and industrial areas in non- -agricultural regions will a 
benefit from increased markets, commerce, and transportation, and the. 
ation vernment will be directly aided by whatever is one in the interes 
National Go t will be directly aided by what d th interest 
of navigation and flood control and also by the reclamation of land.” 
Finally, he emphasized ‘the legal problems of water conservation as being 
sometimes: insurmountable. wot ei hoa 


ily 1, 


Since 1921, the water problems of California have been studied roughly 


along these lines. By the end of 1930, ‘said Mr. ‘Hyatt, this investigation will | 
have cost about $1¢ 000 0 000, exclusive of stream gauging, mapping, 


bk A vivid description of conditions | prior to. 1921 is given iy ne Hyatt, as 


e dependable water supply, some by over-optimistic estimates based on the records 
a estimates of flow of a few wet years, but more by pumping from under- | 
_ ground sources a greater amount than the replenishment thereto. In one sec-_ 
2: of the San Joaquin Valley, in the last four years, about 20 000 irrigation : - 
- pumping plants have drawn from the underground storage an estimated net 
_ amount of 2000000 acre-ft., in excess of the recharge in the same period. im 
Trrigation diversions on the rivers tributary to San Francisco Bay have 
, reduced the fresh-water inflow that a delta area of about 400000 highly pro-— 
- ductive acres has been seriously threatened by the incursion of salt_ «nll 
from the Bay itself. It is beyond the power either of the people in the San a 
J oaquin Valley and Southern California, whose underground supply is insuffi-- 
es or of the delta area, to remedy conditions facing them. These and — 


between 1900 and and were accentuated by the series of dry years: 


iat) 


similar conditions of shortage appeared in a great many places in California | 


The ye investigation began with a State- wide classification of water — 


and Jand resources. The next step was to estimate, from available records, the val 

50-year mean for each stream in the State. 
Speaking of available records, Mr. Hyatt declared that there “were Q77 
 painfall stations that supplied ‘records of more than 10 ; years’ duration. Using 7 


these, the total rainfall for any one season at any station i in percentage of rT 
its annual ‘mean, was termed its index of wetness, The steps may 
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indices of wetness for each station for the period as” 
mass diagrams, showing the accumulated departure from the mean, then by _ 
superimposition these diagrams were compared to define the various areas in © 
State having the ‘same general characteristics, _ This e stab- 
lished 26 precipitation divisions. 
State was then divided for purposes study: 140 basins, 
each basin being either a major drainage or a group of minor drainages. 
_ Stream-flow records were available at 200 regular U. S. Geological Survey a 
stations, for varying periods up toa maximum of 28 years, and, in addition, 
fragmentary records at about 300 additional stations. these data rain- 


: mt run-off curves were platted and by superimposition critically compared 


both geographically and by types. Through these comparisons the character- ~ 
_ istic shapes of the curves both geographically and by type were closely deter- 7 
; mined and it was possible to extend the run-off curves to streams on which 


xtend tk 
ing the a of seasonal wetness in the 26 precipitation divisions to the os 
rainfall ru 
‘run- -off fob: area in the State for the full 50- -year w as 

estimated. To susttole wine atc big oft: 
lass diagrams of run-off were drawn ra each area. These were platted | 
as accumulated run- off in percentage of variation from the annual ean, . 

B vn producing a graph which gives all the desired information in but a _ 
fraction of the space required by the usual mass curves. Irrigation draft lines” 

G were then prepared, being platted in identical units and on the same scales 4 

as the mass diagrams. Superimposing the draft lines on the mass diagrams, _ 

_ fe e utilizable flow of the drainage basin with any given storage capacity was a 


7 there were no actual flow measurements. — By» these methods rainfall run-off — 
; = were completed for each of the 140 drainage basins in the State. Apply- 
i 


{ ‘nif hen the duty of water was determined for each of the sixteen agricultural — 
divisions. A preliminary plan for the conservation of water resources ‘in Cali- ~ 4 
fornia has now been prepared | with the purpose of relieving existing emergen- 
cies, In summarizing the scope of this plan, Mr. Hyatt stated: 
_ “In Southern California there was prepared the importation of Colorad 
Rive er water in a manner which is now under intensive study by the Metro a 
_ politan Water District of that area. In the Sacramento and San J oaquin ; 
Valleys, otherwise known as the Great Valley, the plan contemplated storage 
oe water in the northern water-sheds, surplus to the ultimate future needs of — 
that area, and its to the lands of the San 


in -eost. From on the River at the proper 
to afford gravity delivery to the southern end of the San Joaquin Valley would. “4 
_ Tequire a canal very nearly 1500 miles in length, which would be in mountain 
foothill country for almost its entire distance, 
-__ “As a substitute a plan of allowing the water stored in the Sacramento 
. Valley to flow after release down the Sacramento River to the delta area and 
ae = a to be pumped therefrom into the San Joaquin Valley, was investigated and 
found to present a superior solution. In this set-up the channel of the San 
= 4 Joaquin River would be used as a conduit and by a system of rag and pump- 
ing plants the Sacramento River water would. be forced up the S San Joaquin © 
A River against its grade to the desired elevation. __ This. arrangement was ae a 
we be vastly cheaper than the gravity lay-out, both in capital "and annual costs, 
= it also had many other advantages, such as more dependable water supply, 
elasticity of operation, and freedom from legal and water-right difficulties. me 
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TECHNICAL SESSIONS: a 


Thus, ‘the physical plan has taken 
between technical studies and economic studies, Mr. Hyatt declared a 


while the former were of greater ‘magnitude, the latter” were “more difficult. 


Public interest in the plan i is keen and there i is a general acceptance of the idea } 


that the conception is sound. ‘The cost estimates vary from $100 000 000. with - 


a minimum number of units to $700 000 000 with a maximum. toa tif fend ee, on 
In conclusion, Mr. Hyatt declared that, {defin 7A nolt- 


such is carried out under the direction of the State itself 
(and it a not seem possible for any other agency to successfully accom- 
2 plish it), other questions of a State or political nature arise. California, 
geographically, is into several divisions. The north- 
: west coast area with 25% of the water supply of the State and only 2% of 
— the agricultural lands has no water problem and little interest in the gtuntion: : 
_ The Great Central Valley, with approximately 13 000000 acres of land and 
—8T 000 000 acre-ft. of mean annual water supply, will require such a plan for 
its development, and it has furnished the main support for the investigations 
: to date. - Southern California, with 20% oe the land and only 1% of the ,water 


the entire State, and is a shortage of ‘such severity that 
a “It is apparent that a conservation plan, carried out under State auspices, 
and partly or wholly by State bond issue, must assist all portions of the State | 
in need and not be local in character. It is also apparent that to recommend — 
a plan sound from the engineering and economic standpoints, which will also 7 
a properly take into account the various sections of the State in such a way 


to be satisfactory to the voters of the entire State who must ultimately 
pass upon it, is indeed a problem of the first magnitude, which can be solved — 
_ only by the co-operative and constructive efforts of all concerned. Wide vision, 
e sound business judgment, and complete and accurate information are essential 
to the success of such an undertaking.” tok 


‘LINE OF AU CONSERVATION POLICY FOR. CALIF ORNIA 


‘This discussion was largely a supplementary ¢ contribution to the paper by 


a Mr. Hyatt and laid emphasis on special projects. - ‘The gist of Mr. Lippincott’ 8 


;* “Support a plan providing for joing, co- operation between the State “a 


; q Federal Governments as well as with local agencies in the building of such — 


: extensive and essential works as are of broad “importance. _ ts “These include the 
_ conservation of the Sacramento River water, the relief of the San Joaquin 
a ‘Valley, and the provision of an adequate water supply for Southern California 


pee 


Water supply projects for irrigation and domestic service have now been 


a built in California to the limit of local financing. 9} According to Mr. Lip yi 
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oaauin, and Colorado Rive er "enterprises, which ¢ can only | be constructed with 


ederal and State aid in co- operation with local - interests.” Yn ua, 
4 ti hie 


its Since most of the gross revenue from an irrigation agriculture i is distrib- _ 
‘sited to | labor, tr ‘anspor rtation, trade, ‘and the professions, agricultural interests 
should not be required to bear the entire | burden of such projects. « This s should . 
be su supported by the community at ‘large, that i is, by the State. Aur: aecktz0 
Improvements on the Sacramento River.—The estimated ‘40-year mean 
annual flow the City of Sacramento was given by Mr. ‘Lippincott as 
24 653 000 acre-ft. This, he pointed out, comparable to ‘the discharge of | 
Colorado River, at Yuma, Ariz. (16 000 000 acre- -ft.)._ Reservoirs are 
“needed in the LO if the flood waters ‘are to conserved for 

distribution during the period of f relatively little flow. quote Mr. 


a saving of the flood waters in reservoirs is not only requisite for the 


comprehensive service of the Sacramento Valley, but it is also necessary 4 
any surplus is to be available for use in the San Joaquin Valley where it i ; 
vitally ‘required, | is not yet proved that there is a surplus" above the 
-Tequirements of the Sacramento Valley through the -eritically dry period ‘of 
years. It has been proposed that a dam may be built on the main river a 


Kennett, with a capacity of about 3 000 000 acre-ft., which with its hydro- 


electric plant will cost from $70 000 000 to $80 000 000, depending on the size , 
of the power plant decided upon. * The distribution of the regulated 


water required for the Sacramento Valley. should be left to the local interests.” — fe 


The advantages of this plan of conservation are that: It would 
flood flows 50% at Red Bluff; (2) aid navigation on the Sacramento = | . 

throughout the year ; (8) prevent encroachment of salt water into the fertile 
delta islands; (4) insure and domestic w water supply for the 


present requirements 


¥ 


5 


- 


furnish the 1 necessary water. Furthermore, the towns the V 


depend upon wells for their domestic supply. 


“In the face of these ‘comitions: the ground-water levels Kings Riv er 
a south are falling. In many highly improved localities this is true to so serious 
and alarming an extent that Federal farm loans have been discontinued. 
is not a question of irrigating new areas that is involved, but rather the main- 7. 
id _ taining of existing developments. This situation can only be met by bringing © 
ina new supply if possible from the Sacramento River Valley to. the souther ‘es 
half of the San Joaquin Valley. ‘This region is ‘not able to finance so large a an 
enterprise. prosperity is of prime. importance to the welfare of the entire 
_ Its trade goes both to the north and to the south, > 
“Relief to the San Joaquin Valley can only come through State-wide co- 
commercial interests of the Commonwealth cannot afford to 


natural resources but depending « on n an adequate w 


= 
| 
q | 
: 
Water Supply in the San Joaquin Valley.—Mr. Lippincott stated that 2. ia 
e San Joaquin Valley, south of Fresno, Calif., practically all the surface 
: 
1 
a 
Sep 
Ig &g 


more one- -half ‘tie and wealth of the = 


State, it h has only 1% of the State’s water supply naturally tributary to it. 


This estimate, which was accredited to the State Engineer, does not ‘include 


Furthermore, quoting California’ 'Wintter: floods : 
 “OAre mostly stored in surface or underground reservoirs. Of its water 
7 supply 80% is now derived from wells. An aqueduct, 250 miles in length, has 
_ been built by the City of Los" Angeles from the eastern face of the Sierra — 
Nevada to supplement its meager natural allotment of water. Of its area now ay 
_ served with water 20% is within the boundaries of siapaiahed towns andy 
this municipal area is rapidly increasing. . Its population increased 85% from © 
- 1910 to 1920 and this rate of growth is being sustained. Its ground-water | 
supplies are overdrawn and a falling water-plane menaces future development “a 
in the regions from San Bernardino to the sea. South of Orange County 
where ground-water supplies are small, the surface supplies, although now 
largely conserved in reservoirs, are inadequate to meet ‘the future demands 


a new and extensive supply of water is essential to peorids for the future = 


4 
that is dha Colorado River which is wasting in debtructive floods an average — o Se 
about 14.000 000 acre-ft. into the sea annually, an amount fourteen times the a 
total Southern California water crop south of the Tehachapis and west of the _ 
coastal mountains. Adequate storage reservoir sites exist on this stream for - 
the regulation of these waters, which will prevent destructive floods and con- 
"serve them for beneficial use. The value of the power produced will largely 


pay for the cost of omer. storage, but not for the diversion of the water 


to points west of the Coast Range.” 


The. construction of a dam in Boulder Canyon and the aqueduct from the 


Colo orado River to the coastal plains of Southern | California may be sei er 
t 


Sacramento Valley comprised | 3 000 000 acres. ‘ The 1 low- ‘water flow of the Sac- va ¢ 


ato River is practically all ‘diverted for irrigation. above. ‘the City of 
but flood flows of 600 000 sec- ft. occur and formerly these 


to ‘prevent such overflows and to improve navigation. ~The costs shave 


if 


divided equally between the § State, the Federal Government, the 


“tt a for projects as ‘that fo 
San Joaquin and Colorado River Aqueducts, as well as for the completion of 
the necessary storage work along the Sacramento.” 
studies ha 


Water Supply for Los Angeles and Vicinity. —Extensive 


gin 


by the City of Los” Angeles of the: problem of « conveying 


Fit 


acre-ft. of water each” ‘year from the Colorado River: cities in Southern 
California. 


Water Supply in Southern Calfornia—In summarizing the regional ea 
7} 
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4 carry out the mesial , Mr. Lippincott declared that ‘ ‘such substantial | progress 
has been made by this organization that | a change ‘in its existing executive _ 


— of, 


dine d 3i tg 
As for the» program outlined, ‘while it protects the towns, it does not. care 


for the horticultural | sections largely on ground water supplies : for 
na 
} 
replenishment except from the waters of the Colorado River. "While 
the cities may be able to care for themselves, the rural districts are not able 
_ to finance adequately so large a problem, — There is a proper sphere for State — 
assistance. There is precedence for such State assistance without direct con- 
: in the Sacramento ‘Valley Reclamation Project, referred to, and in the 
case of the Los Angeles Flood Control District. The Federal Gov ernment — 
is now to build the Boulder Canyon | Dam. However , there is a flood control — 
charge of $25 000 000 against this project, which under the Act is to be repaid — 
by power sales, which is unusually severe. Federal aid might be extended to 
aa 4 - “Adequate engineering data necessary for the adoption of a broad plan 
_ # the conservation of the water supply available for the State will be available — m 
eres the present year (1980). The determination of some proper legal and 
: ee plan remains to be accomplished. The most difficult problem prob- _ 
ably, will be to convince the cities of the advisability of their assuming their a 
‘portion of the financial burden involved in a State bond issue. President — 
Hoover, in his letter to the Governor’s Conference at Salt Lake City, Utah, 
a ~ August 26, 1929, plainly states that he considers it proper for the Federal - a 


to build ‘at‘its expense dams for the regulation of major streams.” 
By Frep OC. Sconey,* M. . Am. Soc. CE “bit 
gg he first appropriation for the studies outlined by Mr. Hyatt was a grant 
of $200 000 by the | California State Legislature, said Mr. Scobey. T his appro- 
priation became available « on August 1, 1921, asa ‘result of various ‘mov yements 
: throughout the State. The late Wilbur F. McClure, M. Am. Soe. Cc. E. then 


State ‘Engineer, solicited suggestions from many prominent engineers as to 


. the best procedure for beginning the investigations. Mr. Scobey | commented _ 


on the Sagacity of the e replies i in the light of later experience. ge-rpvabs: inert eae 
Two basic “questions, according to Mr. Scobey, present themselves to 


i were the potential agricultural areas” the State deter- 

2.—] —How were the water for various of the State te 


ik - Activities prior to the beginning of the present investigation were ou 
ae “During the year just. prior to the commencement of this investigation — 
Various co-operative agencies had contributed funds toward compiling and 


Py 
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Areas’ to” the extent 6 000 acres. In addition, the ‘Agricul- 
ri tural Areas’ were depicted under three classifications. _ These lands aggreg gated 
about 17 000 000 acres. Some of this land was being farmed without irriga- 
a if tion and much of it was but desert soil. The estimate of its agricultural possi-- 
bilities was based wholly on the assumption that it would become irrig gated 
land if a water supply were eventually made available 
. ee of these agricultural lands was made by the best authori-— 
ties available at the time. . Local studies and soil surveys by the State and 
i _ Federal Government ts and the State University of course 2 yielded the pest | data. 
With minor exceptions, the agricultural lands as shown on the map were a 
. ga comparison of data with the Federal Census of Trrigation for the 
‘year 1919, statistics of these areas had been assembled by counties. Since the — 
State Water Resources investigation would be conducted in terms of stream 
_ basins, some of the first work consisted in re-assembling the local areas in 
= _ terms of river basins. The net results of this tabulation showed the irrigated 
a areas of 1920 and the unirrigated areas naturally commanded | by each major 
stream. _ The hydrographic studies of the streams would then determine any 
surplus or deficiency of water for various assumed degrees of reservoir storage, 
various degrees of storage being based on various limiting costs of reservoir 
space. It had long been known that there was a major surplus of w ater in the 7 
2 _ Sacramento Valley and a deficiency in the San Joaquin — 


4 
3 


a iE The aim of this investigation was to determine the maximum use of ‘water. 


2 _ Therefore, said Mr. Scobey, w: rater wasted or lost. by deep percolation on dhe 
local area, was assumed to be recovered and used on some lower area. -'There- 


q "i fore, the net water requirement on the larger areas approached the absolute 


a These assumptiors resulted in the determination of ‘on duties for large 
areas that would not as a rule be applicable to individual projects, even of 
magnitude. For instance, in a locality where a duty of 2 ft. in depth w as- 
for a gross area, the net project duty, would run from 23 to 3 ft., 
q - ‘measured at the farmer’s head- -gates. For the gross areas into which the State 
was divided, the determined duty was, as a rule, somewhat less than the net 
— duty as ¢ estimated by various authorities for projects within the same area. | 
_ However, in a few cases, it was anticipated that the co-ordinated plan would 
i 4 make available more water than had ever been contemplated for project studies — 


and the determined duty allowed more water than authorities had used as a 
duty that wi vould barely ‘get by’, on account of f inadequate water “supply.” Bod 


conditions made it to determine water Tequire- 
x ments on a a project basis; ‘they were made ¢ on the | basis ¢ of the entire State. 
= Omitting certain desert and mountain areas, the State was divided into “Duty 
‘of Water Sections” and a net duty was foutid for each of them. For example, 


the entire “floor” of San J oaquin Valley comprises one ‘ “section. 2 a ’ 
q 


Summarizing the progress of investigations to date, Mr. ‘Scobey 


ee “Tt has now been nearly ten years since the Water Resources uaa 
oe started. The agricultural areas and duty of water data were assembled as 
a the knowledge available in 1921. Likewise, the water yield and flood flows, 
prophesied for the future were based on records 1921. Whatever the 


“a” comparison their data, and everywhere 
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to empirical forecast. in the items of pis reservoir 
opment, water requirements, and ultimate irrigated area.’ 


mee 


M. © ), M. Au. Soo. C. E. 


ay In the absence of Mr. Hinderlider, his prepared paper was read by Fred H. 

Next to the air he breathes, water is man’s greatest necessity ; under 


leash, his efficient servant; uncontrolled, an agent | of frightful | destructiveness 
This in a sense, was the text upon which ‘Mr. Hinderlider based his pier. 


- The importance of legislation and the control of riv ers, he said, was recognized — cee 


| early civilizations of Babylonia, Assyria, Egypt, , and Arabia. Succeeding 


o generations have added to this sense of importance until, to-day, 


o “Practically all nations are alive to ‘the economic value of seiiealiaat con 
rol and utilization of this natural asset, not only for consumptive purposes 

but in the interest of soil conservation; inland 


‘the Mississippi as evidence of ‘this interest. lange projects will 


involve the creation of great storage basins above intensely populated and 
ject of safety i is of paramount concern. 


Quoting Mr. Hinderlider directly 


it. “There i is nothing so relentless in its 
tiveness, so uncontrollable and deadly as huge volumes of water suddenly 
released. The effects of cyclones, earthquakes, and even voleanoes are gener- 
¥ ally local, and their occurrence is infrequent, and such menaces usually fur- 
nish warning of their approach. Great conflagrations: are subject to control 
by modern methods, and science has developed means for successfully com- 
ating the ravages of diseases and epidemics; but no means s will ever be con- as 
 trived for overcoming the ruthless destructiveness of huge bodies of water — 
suddenly: released from ‘restraint: 
«The number of recorded failures of dams, however, will doubtless com- 
pare favorably with the failures of other engineering structures comparable — 
in magnitude, and in menace to life and property. “Such failures, however, — 
have been all too frequent, and constitute a reflection upon the ability of the 
- ngineering fraternity. Fortunately, or unfortunately, the psychological result 
‘such failures is of short duration, the effects soon forgotten until 


the 
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_ The paper contained « valuable detailed list of. dam failures, compiled by 
Rk J. Tipton, Assoc. M. Am. Soe. C. ‘under the direction of the 
- Only : a summary list of these failures can be published at the present: time. 


Commenting on this tabulation, Mr. Hinderlider stated that, 


rare: An analysis of this compilation of data. discloses: that inadequate spillway — 
facilities and defects in outlet works were the causes of most failures of earth 
dams, while foundation troubles were the principal causes contributing to: the 


‘te 
failure of masonry dams, or earth dams with masonry cores.’ 


As might: be expected, Mr. Hinderlider reported ‘the largest number of 


failures in the States that have the largest riumber of dams in operation. 
Colorado, for example, 1 which has about 1000 dams under ‘the | supervision of 


the § State Engineer, has been a pioneer in the construction of dams and this 
has ‘afforded ample opportunity for mistakes. Happily, however, as pointed 


ie out by Mr. Hinderlider, only one ‘small earth dam, 17 ft. high, has failed in 


Gt 


: While it is true that “every dam is in me ome degree — to life and 
: 5, oan “These structures are an indispensable factor | having to do with the welfare 
7 a of the people of all countries. . As such, their safety i is a matter of such con- 
cern to the general publie as to bring * their supervision properly within the 
scope of the police protegetives inherent i in all civilized nations.” 


Another important adjunct to this paper was a a digest of the laws of all 
‘the States: and of the principal countries of the world, pertaining to dam 


design. Mr. Hinderlider analyzed these se abstracts and offered the following : 
“This power or authority i is as “the ‘power vested in the legis- 
ative body to make such laws as it shall judge to be for the good of the Com- | 4 
» as and its subjects. This power governs men and things thera 
to the protection of lives, limbs, health, comfort, and quiet of all persons 
dls and for the protection of all property within the State’ The exercise of this — 
‘G power of a State or Nation to protect the health and lives of its citizens from _ 
iq all: sorts of evils and dangers has spread rapidly during the last fifty years. -— 
ee og “Such police powers are very broad, as they must necessarily be in order 
the objective sought shall be attained. Such protection is thrown around 
the citizens of practically all civilized countries and extends to factories, 
mines, packing plants, dispensaries, transportation systems, buildings 
structures for. whatever purpose used, and within comparatively recent times, 
- lines of agricultural “development, food supplies, and fdr the control and 
ae _ eradication of contagious and infectious diseases, and, in fact, wherever the 
safety and well-being of the citizen and his property is beyond his individual — 
. a. ability to insure. Such supervision on the part of a State is the gradual out- 
resulting from increase in population and the complexities incident 
¥ = the development of civilizations the world over. It is a function of ig a 
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Supervision in some "degree i is exercised in most of ‘States, “and 


_tralized control is being 1 more and more recognized as a a public necessity. 
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Nature or Supervision” | 

ad one man or group should be given 2 authority to ] on 


all phases of dam design and construction, because, = 
7 


of the extent the experience of the individual 
engineer or geologist, each has had different problems to meet and overcome 
in traveling the rough road of a professional career. It is the well co- -ordinated — 
results of such schooling that contributes in the greatest degree to the safety 
of the public. The conditions surrounding the design, location, and construc- | a 
tion of every dam, has its own peculiarities which should be studied, analyzed, 
= and weighed from all points of view and under all the probable conditions 
_ under which the structure is likely to function. — It is rarely possible to find 
in a single individual a combination of experience involving full knowledge 
of design, construction methods and materials, geology, hydrography, effects of 
temperature changes, disintegration, and the many other elements Ww which — 


tribute to the safety or weakness of a dam.” te 


In Colorado, the supervising s not only suggest, quoting Mr. 
<a of structure as tbicta by the site and geological formation, 
run-off conditions, availability of construction materials, etc., but for the pur- 
a, ‘pose of conserving time and expense of the owner, it is recommended to the 
_ engineer that a preliminary draft of his plans and specifications be submitted 
| ie criticism prior to the preparation of the final draft for — This | 
plan has seemed to work well in practice” 
responsibility resting upon a official of is 
indeed a heavy one, not only as a result of his approval of the plans for such © 
structures, but because of possible internal weaknesses in dams with which 
he may have had no former connection. Fortunately, as in the case of human 
diseases, certain symptoms usually warn the careful observer of trouble ahead, S) 


2 > and therein lies one of the best arguments for centralized responsible public — - 


supervision over such structures, which enables to act promptly and 

The District of and the States States of Louisiana, “Minne- 


gota, Nebraska, and Oklahoma are the only ones that « exercise no o public su super- 
vision over dams, according to Mr. ‘Hinderlider. 


“Such supervision ranges from that to damages which may 


from the action of back-water above a dam, the imposing of regulations in 
‘the interest of fish propagation, navigation, and sanitation, to the higher — 
_ purposes of protection to life, property, and industries which may be placed 
in jeopardy by such structures. Such supervision is vested in various agencies, 
ranging from Courts, municipalities, commissions, and counties to the State, 
_ and departments of the National Government. _As is to be expected, the oe 
We: such regulation increases with the need for dams in the economic and ~ 
commercial development of such State or country. In many of the States — 
Bs _ where the topography of the country | and gradient of the streams are con- 
a _ dueive to power development in only a minor way, the need for public regu- 
lation is not so urgent, while in those States and counties where conditions ; 


and demands are favorable to the greatest utilization of their water Tesources, — 4 
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matters ‘of development, stream pollution, and flood con- 


q “An analysis of the laws of all the States discloses that inspection and — 
: —i over dams in the interest of public safety is exercised in but 
“nineteen. Of these nineteen 1 States, fourteen have regulatory laws which may 
be considered effective or reasonably so. In only twelve of the States may p 
7 existing laws relating to State supervision be considered ample for the safe-_ 2 


guarding of the public’s interest where dams of considerable magnitude are 
y _ contemplated. - In more than one-half of all the States there are either no 
laws relating to public control of dams which may be considered a menace © 


to life and property, or such laws as exist are for the minor purposes hereto-- = =) 
fore mentioned. Accordingly, it would appear desirable that in such _— g 


- = study of this subject of public supervision of dams should be made. 
- Practically all States of the Rocky Mountain region and the Pacific Coast, 
have quite effective laws relating to this most important matter. This condi- a 
o tion also applies to several of the Atlantic seaboard States, such as New York, 
New Jersey, Pennsylvania, Maine, New Hampshire, Vermont, Connecticut, 


The author urged the engineer as a specially qualified, citi- 


zen to take | an active part in supporting worthy legislation along” these Hines, . 


— is the engineer trained | in the theory of stresses and strains and the ~ 


characteristics and frailties of the materials with which he must work, who 

is fully appreciative of the real magnitude of such undertakings and of the 

" tremendous responsibilities they represent. Activity on the part of engineers, 
who by study and experience are justified to speak on this important subject, | 
is a public service which the engineer could, and should, render. No one is 
so qualified as he, to point out the dangers and to indicate the init 
“Some of “the disadvantages resulting from public supervision over the 
ny é “design and construction | of dams are attributable to the fact that much of 
such legislation was enacted without adequate information, or is the result 
_ of sporadic attempts to correct, from time to time, deficiencies in previous 
io legislation. This has frequently resulted in contradictions, ambiguities, or 
: complete lack of some essential, and too often has resulted in the objectionable 
features of divided authority. ‘Consequently, the laws of many States relating 
to this most important subject are a ‘hodge podge,’ making for inefficiency in 


their administration, with the resultant unwarranted sense of security which ‘ 


ce the public has every right to expect under State supervision. The success of “5 


. any law depends largely upon the degree of public approval back of “it, and ~ 
upon the confidence reposed in the official charged with the duty of admin-— 


siso. apparent that the beneficial ‘effects of any law are ‘measured 
by the degree of. efficiency with which ‘such law may be executed or or. ‘admin- 
istered and, regardless of the e safeguard which a law seek to throw 
around the design and building of such important structures as ‘dams, i. 

effectiveness of such efforts will depend very largely upon its enforcement. It 
a is just as apparent also that the actions of a public official are circumscribed — 
by the limitations and weaknesses of the law which he is charged with 
enforcing. The first requisite, therefore, are laws | as nearly ideal as may be, 
for the attainment of the desired objective. Hence, the desirability that laws 

to the and dams should reflect the best. 
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dt ah of Cones FOR on OF Dams ‘ 


While constitutional provisions in existing ‘statutes may make the applica 

on tion of a general code difficult, if not impossible, | in many States, Mr. 

Hinderlider expressed his belief that, it te ads ty ai ah? q 

“Such a would as a framing of need- 
ful legislation applicable to in any particular State or r country.” s 


felt that present knowledge - was sufficient to justify the of ‘Ste 


such a code as a guide to the framing of proper legislation if for no other 
rag “Within recent years, and as a result of intensive studies by the con- 
 stituent bodies of Engineering Foundation and other similar organizations, 
uniformity of practice and procedure with respect to building materials, — 
many types of structures, and related matters has been adopted and recog- 
nized in almost all lines of engineering endeavor. A code of requirements _ ; 
relating to the art of dam building, especially if endorsed by the Society, nig 
would be invaluable in the drafting of legislation providing for public super- , 


vision over the design and construction of dams. + 


Especially, ‘Mr. Hinderlider. commended the work of ‘Fred Noetzli, 


. Soe. Cz E., for his contribution on this subject.* * The ‘recently 1 passed 
Act of the last Legislature of California was also cited as a model of its kind. :, 


This was largely the result of crystallized pu public opinion following + the St. 


Mr. Hinderlider presented ten “do’s” and five “don’ts” as guides to provid- 


ing 
supervision. These are quoted i in entirety as follows: 
‘tion “of all reservoirs of a certain minimum ‘height and 


pitts 
0 require, preliminary to commencement of. construction, com- 
plete data on the geology, topography, rainfall, and run-off charac- 
teristics of the drainage basin, samples of materials from foundations 
and those to be used in construction, and all other infor mation needful 
for a proper determination of the suitability of the dam site. 
require complete plans, specifications, and analyses of design, 
3f 
hint ita and also authority to modify such plans and specifications prior to and 
duri ng the progress of construction v when conditions would seem to 
“4,—To require continuous inspection of new construction and all 
; materials entering into the same, preferably at the expense of the State. 
employ consulting engineers and geologists either upon the 
authority of the State or upon the request of the owner, such authority — ry 
cn app ly ‘not only to contemplated construction and dams under con- ae 
shy “6—To exercise supervisory control during construction and opens: 
Ws of the dam following construction. 


: regulate at all times the ‘amount of storage back of any 


* Western Construction News, 
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—To 1 require all to in a safe condition, 
—For the administrative official to enforce all provisions of the — 
with respect to the construction, operation, and maintenance of 
with recourse to the Courts only under exceptional conditions 
“bn @ ‘ which would require a prompt determination of the matter by the Court. 
Mg guinea “10.—For the provision of ample funds to carry out State supervi- 


State supervision should not include: a ' 


“J,—Financial obligation on the part of the State in case of failures. 
wnt iol 2 —Imposition of unnecessarily drastic regulation not essential for | 


_—Authority to assume the functions of the practicing enginecr 
Pree with respect to the preparation of plans and specifications, and related ; 
in connection with the design and of a dam. gilt 


“State supervision should be limited to the or 
plans and data presented, and the authority to require 


thereto, which, in the judgment of the State official, appear to be needful for 


_ ADVANTAGES AND Dis ADVANT AGES OF STATE Con T ROL 


State control of the design, construction, and maintenance of 


Minimum of effects of local and influences. 
“(e) Prompt and concerted action in anticipation of dangers’ and 


the forestalling of failures under most conditions. 


water stadia flow, in arid regions. 
“(g) Continuity and of records and public 


On the other hand, the following disadvantages were offered : he 


‘Danger of incompetence of, or prejudice on part of, 


Lessening of of ‘the s sense of responsibility and ‘precaution | on part 


(ce) Possibility injustices to owner resulting from unwarr 
We. -“(d) Erroneous assumption on ‘the part: of property ‘owners below a 


that State supervision is tantamount responsibility in 


MOP ih Lite gi gajod an Boy 
— “(e) Dangers accompanying increase in bureaucr ratic authority.” 


ALIFICATION 


In his closing remarks, Mr. Hindenlider offered. a set of twelve pertinent 
pecifications as a guide in selecting supervising officials, quoting, ot aisle : 


if 


am 


BA: The qualifications of the official charged with the important duties of _ 
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—An understanding of the fundamental principles affecting the =‘ This" 
okt tc stability of all types of dams. This requirement, in general, presupposes | that the 
aos he is a technical graduate or from previous preparation is com- | ns thi 
dams 
petent to understand the mathematics of engineering 
it An appreciation of the advantages of the science of geology and 
Sts ada aptation to the art of dam building. He should also be thoroughly } ing func 
grounded in the know ledge of climatology and hydrography. shoul 
2 ful ee “3.—Broad experience in the problems of construction, which is con- S provide 
in ducive to a discriminative sense of values and dangers, and of materials, | ae 
“4.-A willingness to improve his knowledge of the art by consulting Sta 


connect 


theory 


- lil and studying the methods and theories of others. He should be 
imbued with an honest desire to learn the lessons taught by the failures 


“5.—He should have an exalted sense of his duty to the public 
the ability to visualize the responsibilities with which he is. men 

—Complete freedom from any influences other than the motivating 
ones of his official duties. if ther 
An appreciation of the value of systematic methods i in the author 
i "Baw duct of his office and the essential need for reliable data at all times. ae involv 
“9.—Progressive ideas, albeit leavened with that sense of ‘responsi- 

LE te 10.—The confidence of his fellow engineers and the public. 


4 aon “11—A genuine desire to co-operate, but the stability of — ht. 
/ # to allow his enthusiasm to get the better of his sober judgment. — 


“12.—Finally, that rare combination ability and experi theret 


tai PUBLIC SAF ‘ETY AND STATE SUPERVISION OF DAMS 7 oT 

By H. W. Dennis,* M. Am. Soo. O. E. furs 
That Mr. ‘Hinderlider a strong case to support his s statement 


Be dams are ‘potential sources of danger, was pointed out by Mr. Dennis. | He a 
soncurred in the idea that dams should be designed with the utmost skill and 


are and that the designs should be reviewed by so: some independent : agency. a. 1“ | to 
Continual Need of Research. a subject for discussion, Mr. Dennis Pro 


‘Recent fai the design of practically all com 


_ servative types of dams have resulted in the development of principles generally mh, 
ia recognized as being sound, although there is still some diversity of opinion with a cies 
respect” to important theories affecting the safety of huge structures of the 
gravity and lighter than gravity types of masonry dams. 

is to be since remains to be learned conc concerning the sul 

top 
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This quotation, said, with’ the list © of failures anid their: causes, 


that there are still” many things concerni ng the design and construction 
ngi eer does know. 


ay Recounting the difficulties encountered by Engineering Foundation in rais- 
ing funds for the Stevenson Creek Dam I Investigation, Mr. Dennis argued that 
it should be a function of ‘the State, as a part * its supervisory policy, to. 


hig 


State ena? Police Power. Sines ‘effective legislation 
connection with this subject seems to have required the invocation of the 


theory of the police power of the State”— that is, supervision i in the ‘interest of 


public safety—Mr. Dennis was inclined to question the supervisory recom- 
mendations made by Mr. Hinderlider that did not have public safety as ) their 


ols “T am . willing to accept many of thes 
if there is added after each one, ‘so far as the city satfely is involved,’ but L 7 
| cannot agree with the author that the supervisory body should be given blanket 


authority to exercise control over these things regardless whether ‘they 
‘The ‘most important clause in ‘the paper by Mr. Piadévlider (according to 


oa State supervision should be limited to the approval or disapproval of i 
2 ip — and data presented and the authority to require essential amendments 
peri - 
thereto, which, in the judgment of the State official, needful or 


THE IMPORTANCE OF PERSONNEL odin 


obs Ecxart,* M. Am. Soo. C. E. 


of Mr. paper, prepared by Mr. Eckart, was 


Mr. Eckart commended the paper i in that it set forth concisely, the s author’s- _ 


of the advantages and disadvantages | of State supervision and also” the 
“qualifications that the official charged with supervisory control should possess. , 
ait Referring then to the question as to who shall be responsible for super-— 

Vision, Mr. Eekart that this will not be 


~The right of the ‘State to vest supervision and control of in ‘the 


The form legislation necessary to. accomplish ‘this end, however, will 


as ‘as a subject ‘of deep concern to the profession. . There i is another phase of the 


subject that is even more important to the profession. Quoting Mr. Eckart: 


practising engineers are ‘interested in the mdividual who is chosen 
-— exeraioe this power, not only as to his qualifications from the viewpoint of his oi 
S tee training and technical ability, but even more as to his executive be and the Pe 


Gen. Mer., San Francisco Water Dept., San Francisco, Calif, 
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s it ‘amount of his. ‘horse sense’. The right man in charge of State fail 

supervision can make almost any legislation workable and secure the desired the 
a results i in soundness of design and construction, with the minimum of inter. was crys 
ference with the work of competent engineers. “The wrong man can play havoe authorite 


with the best engineering plans and construction methods and program; petty The 
interference, incompetence, indecision, or delay in approving proper plans or 
foundations may add hundreds of thousands of dollars to the cost of a project, 


< as the delay of a few weeks at some stage may result in throwing the work Campbel 


the flood period and possibly cause the los loss of a ‘season’s r run-off.” 

The importance of this feature further emphasized by Mr. Eckart in 

1e statem nt he 

a = te “The greatest advantage of State supervision is in insuring disinterested and is 

> and independent review of all dam design | and foundation conditions and B its obje 


independent inspection | during construction. ‘The value of this independent commur 
fe check is dependent on the competence of the reviewer. If incompetent the & greatest 
) avin: is more than worthless, for in many cases it will result in preventing order, tl 
'& a competent review and check by independent consulting engineers and geolo- & of priva 
gists who otherwise would have been called in. It behooves engineers to use FB “‘T! 
. their best endeavors to have the high standard of the officials maintained. ” — § structio 


_ “As to the qualifications of the official charged with State supervision of fp St. Fra 


7 7 Fee dams, added to those which the author has specified, the official should have existent 
‘ a good fighting heart, the ability to stand on his feet. and forcibly and clearly ' the nec 
express himself to defend his views, and above all he should have the moral — and 
“courage to accept full responsibility for the failures as well as the successes propert 


Code of Practice-—Mr. Eckart recommended the adoption. and promul- 


as a 
gation of a of Pra ractice by State Departments so as to avoid d much 

de lay and “unnecessary work in re- -design and re- -submission of —_ - Spe briefly 

— “The Society, either through ‘one of its. Sections, o or a jenn should & Califo: 
q take the lead in developing a model draft of legislation covering State super- J or mor 
- vision of dams, including a code of practice, which should result in greater § contro 
iy - uniformity and practicability of such legislation and procedure throughout ized te 
Go-Ordinated Control Will Not Necessarily Follow from. State Supervi- Servic 
sion — —“The writer can not agree with the author as to all the advantages ‘St 
a claimed for State control. There is no assurance, for instance, of the minimum "repair 
= effects of local and political influence; this is no doubt true as between county J and p 


“4 and State control, but it does not hold between State control and absence of 1 under 


game. Co- ordinated control in administration of the uses of stored water and dictio 


stream flow does not necessarily go with the State supervision of.,dams filed. 
—e Such power might be considered as an advantage for the general agen inte- @ “FE 
requil 
RESUME OF DAM SUPERVISION CALIFORNIA 

G. W. ‘Hawiey,* M. Am. Soo. ©. E. ‘ 

Before the of legislation to ‘govern: the supervision of dams” locat: 
temp 

in California there “several regulatory agencies with varying degrees 


Deputy State Engr. in Chg. ‘of Dams, Sacramento, Calif. 
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failure ‘of the St. ‘Francis Dati} quoting Mr. Hawley, public 
“crystallized | in a a unified ‘widespread demand for €0-0 -ordina 


The present California law (Chapter 766, Statutes of 1929) was the 
result. The ‘following quotation in the decision rendered Bent Brothers vs. 


Campbell District, by the State Court of Appeals, substantiates that law: | ‘attend 


‘The police power is an attribute of sovereignty, and exists» 
any reservation in the Constitution, being founded upon the duty of the 
State to protect its citizens and provide for the safety and good order of — 
society. It corresponds to the right of self- -preservation in. the individual, 
and is an essential element in orderly government. \ 
its object the improvement of social and economic conditions affecting the 
community at large, and, collectively, with the view of bringing about the 
greatest good to the greatest number. On it depends the security of society, 
order, the life and health of the citizen, the comfort of existence, the enjoyment 
of private life, and beneficial use of property? 
“That the police power of the State to supervise and regulate the con-_ 
struction and maintenance of dams impounding large bodies of water, remained 
unexercised until the disastrous consequences following the breaking of the | 
St. Francis Dam in the southern part of the State, is no argument against its 
existence, but the experiences attending the breaking of that dam emphasize — 
the necessity for, and the constitutionality of, the police powers being extended | 
to, and including, such structures in “order that the safety of persons and 
property may be conserved. - With these statements as a premise, we think — 
the conclusion clearly follows that the Act of the Legislature approved June 10, | 
1929, is constitutional in all its essential provisions, as not only a proper, but P 


as a necessary, of the police powers of of the State’.” vid al 


_ Scope of the California Law. . Hawley outlined the scope of the law | 


“The law places ‘under the ‘jurisdiction of the State Engineer all dams in 

California, ofthat than Federal dams, which have a capacity of 10 acre- ft. 

or more, or a height of 15 ft. or more, regardless of ownership or supervisory 

control. Provision is made in the Act whereby the State Engineer is author- . 

ized to co-operate with agencies having joint jurisdiction, such as the Cali- = 

fornia Débris Commission, Federal Power Commission, and U. 
> 


Service. The Department i is invested with authority under the police power of 
the State. and directed to supervise the | construction, enlargement, alteration, 
repair, maintenance, operation and removal of dams for the protection of life ce 
and property. ‘All dams in the State whether heretofore or hereafter built or 
under construction at the date the legislation was effected are under the juris- = 


diction of the State Engineer and application for approval of same must be 


“Every owner + of a dam completed prior ‘to the effective date of the Act is 
required to file an application for approval of the dam, this application to be 
accompanied by such available and appropriate information concerning» the 
vam as may be required by the Department. 
“Subsequent to the effective date of the Act the constr uction of any new dam | 

or the enlargement, repair, or alteration of any dam shall not be commenced coe 
until the owner has applied for and obtained from the Department written 


approval of the plans” and It is the application 


A 
venting 
— 
sion of 
d have 
| 

al 

— 
pai — 
dams 

eTees use and storage reservoir and such other pertinent 
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data as may require concerning foundation such a 


_ drainage basin area, precipitation, flood flow, and other appropriate data. It isf ment t 
also required that a filing fee, based on the estimated cost, shall accompany Engin 
the application. The State Engineer is empowered to approve or disapprove 5 ditions 
~ application or require modification or revision of any incomplete, defective, inform 
uke 
“During the construction, enlargement, repair, or alteration of any dam the - In 

_ Department is required to make or cause to be made such continuous or as fol 


_ periodical inspections, investigations, or examinations as may be necessary to 
with approved plans and specifications ; and in order to 
insure safety, the State Engineer has authority to order revisions or modifica-) if dire 
a in the plans and specifications, or, if conditions are revealed which and cc 
will not permit the construction of a safe dam, the approval may be refused or arousi 


. certificate of approval is is issued by y the St tate the « dam i is 
‘completed in accordance with plans and epenihes tion hive 

_— Administr ation of the Act.— —Since this Act was passed on August 14, 1929, B should 

Division of Water Resources has been actively carrying ‘oat 


7 provisions. ‘According Mr. ‘Hawley, there are now about 650 dams constr 


its jurisdiction with as as 1 000 ‘other sites available future the 

development. These may vary in: height from 15 to more than 350 ft., and 
comprise all the well recognized types. They are situated at elevations from 
level to 11 500° ft. and they empound from 10, to 1300 000 acre-ft., with 

spillway capacities of as much as 128000 sec-ft. 


Hawley described | the difficulties of data on many. 


in former ‘years, so that certificates of approval could be duly issued, baw 
To accomplish the desired objective, namely, the determination and nit 

. establishment of safety of each ‘of these 650 existing dams, in addition to beviug 
= supervising construction, an experienced and “sufficient personnel Re 


being organized to cope with the many involved technical and practical B concer 
problems. The activities of the Department are grouped in six general clas- 
sifications._ Hydrographic studies, geological examinations, | stress and struc: 


tural analyses, ‘supervision during» construction, field investigation and 
examination of existing dams and appurtenant works, and. supervision | of co: 
“In dams of magnitude, or where the engineering features involved are BF 4% ar 
nga as to” require ‘it, or when controversial issues are involved, the State ® out an 


_ Engineer avails himself of the services and advice of consultants experienced minor 


in the particular phase under consideration to report upon these technical b iKOn 
hing 
is matters that a proper and sound solution of the problem may be reached. cites 
©The personnel and activities of the Department must of necessity permit giving 


| 


of of extreme flexibility to meet a wide variety, of activities.’ on th 


The Department ‘confines its efforts to ithe approval or disapproval of 

applications a and to ensuring the proper execution of the work i in accordance instru 

the plans and specifications. This important policy was further de scribed 


is the aim ‘and ‘endeavor’ of -the Department, “rigidly: adhered to, pass f 


: - require that: personnel refrain from forming conclusions on the basis of local law in 
that a 


ih or political influence, imposing unwarranted or dictatorial conditions beyond 
“de the requirements of safety, exerting unnecessary influence over construction, 
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to. minimize inconvenience to owner, eliminate transgression on 

Engineering Profession, and cause | a minimum disturbance of economic con- rea 
ditions. On the other hand the personnel stands at all times willing to discuss i 4 * 
informally with the engineer acting for the applicant controversial problems — Ha! 


of design or construction relating to the safety of 


= 


ie In closing, Mr. Hawley endorsed the principle of State supervision of dams, i 


 « of dams, if properly and ly admini 
“State supervision of dams, if properly an ad ministered, and» 
if directed aggressively to the proper requirements of safety in dam design 
and construction, merits the support of the Engineering Profession for the © 
arousing of public confidence and the technical advancement that will accrue — 
to the profession; assures the public of unbiased and uninfluenced engineering — 
opinion; dispels inherent public fear of dams; centralizes, and makes uniform, _ 
co- -ordinated control; and makes available in condensed form recorded tech- Ss 
nical information and data of inestimable value. State supervision of dams lh a 
should, however, be ever cognizant of the fact that the advancement of any — a / 
community depends upon the development of its water resources through the 7 
construction of dams. This program must not be ‘retarded through over-— 
cautious and unwarranted functioning of the office having jurisdiction beyond il ‘¢ 
requirements for aséurdrice of 


jon iw ow ei ant big. cally Jo 


fin ol EXTREMES IN THE ‘POLICY. OF SUPERVISION 


O, Henny,* M. “Ax, Soo. ©. E. sth fad 


a _ Recommending | to Mr. Hinderlider the need of "presenting the full details we 


concerning the dam failures: presented paper Mr. 


declared : | Dan 


do1 not question at all the : accuracy of these statistics. I 
the correctness of the impression they leave with the average reader. * * * = 


am now y under » the impression that a great majority of dams contained in that ik a 


4% are minor cases, small dams, possibly built by farmers, possibly built with- — 
out any engineering supervision whatever, and their destruction is doing but a 


One ‘gathers’ the impression from the paper that the ‘author 


giving such au uthority and jurisdiction to the State that it might be burdensome 


on the builder, _ financially and otherwise. Then, said Mr. Henny, after 
assuming the piney authority, the State leaves the owner merely to follow 


instructions or abandon the project. Quoting 1 Mr. Henny directly : t phitalereel 


approach | this subject in. a sensible way we see ‘there the two 


extremes, complete authority on the one hand and no liability on the other. be 

to my mind that simply means this: _ That whatever laws our various States 
pass for the protection of the public, it is a question of the application of that __ 
aw in a common sense manner whereby the officer in authority shall exercise — ~~ 
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Another feature should be he was that of 


Finally, in commenting on the drafting of the California law, ‘Mr. Henny 
stated that engineers in the ‘Western States had watched its development with 
interest and were now watching the effect of its operation. In the ‘drafting of 


that law, 95% of the credit should go to California engineers, in the opinion 


‘States that have | ‘corporations, ‘restricted ricts or 
municipalities: to construct dams, have been in error, , in the opinion of 


: “The conservation of the most important natural resource which we have— 
oe water—should be with the State and with the United States. Every 
storage of any importance should be directed, should be constructed at State or 
National expense, and the output should be placed at the disposal of mine 
that can use it. It should be wholesale, not retail. 
“That does not mean that when a comprehensive plan is made we » will not 


permit an individual, a corporation, ora municipality, to make the develop- 
nent; but the State should stand back of it; it should be the State plan : and 


] 


_“T believe in State control of the reservoir; I believe in National contro 
f the reservoir when a river is an interstate or international river. I think 
we have made a mistake when we have given away, or allowed to be acquired 


private interests, 0 our They should have remained i in public 
STATE SUPERVISION A PUBLIC SAFETY MEASURE 
A. H. Marxwart,t M. Am. Soo. COE 
commending Mr. Hinderlider paper as a valuable contribution, Mr. 


Markwar t deplored the enactment of too much legislation. However, he said, 


sane “The building of dams is done by 1 ‘many people, “not. by one ‘solid. group, 
and consequently it is difficult to control from within. Perhaps this is one 
of the subjects i in connection with which we must have legislation and perhaps 

must run the that it public safety measure, 
preventative measure, you might eall it, like e many other things that are pro- 
vided in the Health Service. If they provide | against a typhoid fever epidemic. 
they do not say we are going to have one; but the authorities will provide 
measures that will take care of it in case it comes, or perhaps prevent it from 
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“endl legislat 


from responsibility it in connection ‘with the construction of dams, because, 
& to quote Mr. Markwart, the State Engineer | “will need all the help: he can ge 
and it is up to all of us who have that kind of work to do, to co- operate in 


MENACE OF PREJUDICE singin 
tol d git Ricrarp R. Lyman,* M. Am. Soc. C. in 


wis A hypothetical | case of a city governed by one political party, attempting 


to build ; a ds am that would be subject to ) supervision | by the State, whieh might 
be gov overned | by | an n opposing politic: al party, was described by Mr. Lyman. — In 


a case, he said, 


“Tt seems to me there ought to be somewhere an to which | the 
little engineer, who has made the design, may appeal if the State E ngineer — 


= 


Com 1enting on Mr. Hinderlider’s 1i { of dam failures, only a very b 


ntrol 


hink _ summary of which was read at the meeting, Mr. ‘Lippincott offered the sug- 


nired gestion that possibly the classification was too severe. 


or example, in another list cited by Mr. Hinderlider, at least three dams 

a were listed as failures when for all practical ] purposes they had not failed. 
the Gibraltar Dam was a ‘serious erosion of the spillway below the 
dam which was repaired without serious damages or loss of any water. The a 

as ease. of the Sweetwater Dam was similar. The Sithoas of the Pudding Stone 


Dam consisted of erosion of a few thousand yards of earth. | .- This occurred 


vine construction when a flood overtaxed the capacity of 


STATE SUPERVISION INOREGON 


4 he ‘A 

lemic. Portland Section of the. Society played a laudable part in framing the 


Oregon lane providing that the State Engineer | shall have supervision ‘over 
r 


ll kinds: of hydraulic structures. Mr. Schanck declared that the Section. 


Civ. and Cons. Engr. (I yman & Pack), Salt Lake City, Utah. 


Cons. Hydr. Engr., Los Angeles, Calif. 
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- found the members of the Legislature very glad t to embody in the law practi-_ 
if 


Describing the law v very briefly, Mr. ‘Schanck stated: 


fe “The State Engineer, who mE may not be especially qualified to pass 
a structures that “might come before him, may employ a board of consulting 
_ engineers, or geologists; | and one of the provisions that we arranged to hav re 
_ included i in that law was that the State Engineer must visit the site. I think | 
we will all recognize, and especially from the statistics given by Mr. Hinder- 
— lider, that the conditions upon which the dam is founded are usually much 
- more important than the academic design, as any good engineer, after he al 
> ‘: been graduated and studied stresses, can generally make a design that will work © 
if he knows upon what it is going to be built. And then there is a review by | 
7 the Court of any difference that may develop between the State Engineer, and | 
and the owner. It is a very brief law. 
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 PRE- QUALIFICATION OF CONTRACTORS 
F ROM THE STANDPOINT OF THE ENGINEER) pe 


On this paper, Mr. review wed broadly arguments for agsinst 


a brief résumé of California p practice in this 


or Contractors 


a test of responsibility, Mr. ‘Purell cited the standard ‘recommended 


_ by the Committee on Ethics of the Associated General Contractors of America. 7 


Previously exectited a ‘similar contract of ‘at least one-half thi 


(2) Ample and suitable definitely ‘available 
(3) A clean record of past contracts successfully fulfilled ; 
(4) A generally high reputation founded on consistent performance and . 


good character ; and View Dicks the w 


work 
und 


bility pe a contractor; the small firm may be responsible within the class of 
_ work which he has followed and within the size of project he has in the past | 
2 completed. The large contractor may not be responsible outside the class of a 
work which he has heretofore been performing or outside the size of contract — 
which he has heretofore performed. Either one, within his class of work, may sod 
—over-extend his operations, take on too many contracts, become overloaded 
and thereby become irresponsible. _ The contractor who unbalances his bid, 
ee gambles on conditions rather than make a careful study, pursues unethical - x 
_ methods or furnishes inferior materials, thereby producing an inferior product, ‘oe: 
is irresponsible. Irresponsible has a real ane only when it is applied to Fey ag 


Within the of this definition, Mr. Purcell, a 


contractor will m 


costs, . The irresponsible contraetor 1 may shave no or ‘organization ¢ or he) may 
J 


basic standard ‘upon which to base. estimates. In short, 


sie ee Chf. of Div., and State Highway Engr., Div. of Highways, Sacramento, Calif. 
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responsible frm thet has" bid based on true costs 
has no chance against the irresponsible one that does not know what the work — 

is worth and that is not equipped to carry out the work. The belief that price < 
_ alone is to be considered because inspection and bond will insure quality of 


: ‘The awarding officer i is remiss, if he awards contracts to the lowest bidder 


we 


, are sometimes to bear. he is, ‘said Mr. Pure, 


‘hat an and er roneous: is given the 
public to the discredit of the awarding official. Such a situation requires an 
‘awarding official of more than average integrity, courage, and judgment in 
order to withstand the criticism to which he may be subjected and secure a — 


HE Pustic Pay AYS 


ees a cniiiiain hee been able to s secure a surety bond i is not sufficient be “oT 
_ pre-qualification because, as pointed out- by Mr. Purcell, the surety company | he ha: 


is interested primarily i in the contractor’s ability to pay a loss that may be | s 


‘ineurred i in the performance ofthe contract. Quoting from the paper, 


surety” bond does not protect against loss" ‘of the use of the project He is 


owing to the contract not being completed ; ither does it cover the wear and 


on vehicles which are forced to use a etour for a longer than the bi 


refere 

contré 

ly or indirectly veontractor. . The answer tempt 

is the public pays. swindle award 


Two general methods of procedure are in common use. One may be termed 
“post- -qualification and the other pre- -qualification. ‘The distinetion_ made by As 
. Purcell was that in post- qualification bids received. “more or or lished 
‘indiscriminately and ‘the lowest most responsible bidder was: selected. By t] 
pre e-qualifieation, he said, bids were only. from responsible bidders his fir 
er the contract was awarded automatically to the lowest of these. dsow 


Six objections to pre-qualification ma be listed, namely: asst od ube 


4 


(8) It restricts competition and gives too much power to the award- 


(4) Small firms are thus prevented frown bidding; 


iw of 
as adequate. pre-qua 
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Mr. Purcell the following answers: 4 


Git 


‘As a business man, even a small dontrattot should have 

(2) Financial statements and this information, submitted for the © 


purpose of qualifying, are confidential and should be so treated. tere 
_@) The awarding official has no more authority under pre-qualifica- _ 


tion _ than under post- “qualification. He ‘merely exercises discretion 
before, rather than after, the | bids abe Talot 
@ Responsible small firms will not be barred unless the project is — 


so much larger than their acknowledged scope that they are thus dis- _ 7 


eel — (5) Most organizations that require pre- -qualifications have a board = 
of appeal where a disqualified contractor may review his case. = 


The ease with which certified checks may be secured makes 


{een plain that this feature has no bearing on the harap feuatted of the bidder. __ 
On the other han hand, to quote M Mr. Purcell directly, 


“The of pre- -qualification claim the ‘following to be among the 


“The incompetent or irresponsible contractor is advised of that fact before « 
i. he has gone to any expense in estimating a project. With the other method, 
that is ‘post- -qualification, the contractor may proceed to incur expense of 
= the job not— knowing that when he ‘does submit his bid it will be Fy 
rejected o on the ground that he is not qualified to handle that particular project. — 
He is therefore saved money by pre-qualification and is also relieved from the — 4 
embarrassment of having his bid thrown out after bids are opened. Since __ 
‘Fe the bidders have all been investigated and their "qualifications reviewed with _ 
reference to the project on which they are bidding, all bids received are from 
contractors who have been judged competent and responsible to handle the — 
particular job. All that remains is to determine the lowest bidder. _ The — 4 
temptation of the awarding official to follow the line -of least resistance pat = 
= to the low bidder, whether he is competent or not, is removed beca ause — 
Bis 


competency 1 was determined before the bids were submitted.” 


4 
ft mn yet, according to Mr. Purcell, no hard-and-fast rules have been estab- — 


lished as to requirements of pre-qualification. He offer ed these items, namely, 
the contractor’s skill or ability ; (b) his reputation for honesty and 


__ “Obviously, there is ‘mathematical. formula for computing a bidder’s 


P.. skill, but a reasonably accurate idea can be obtained from his record of | pre- i 

ea construction projects successfully completed. The bidder’s reputation — 4 
for honesty is especially important in- reference to the quality of work per- — 74 

4 formed. No amount of supervision and inspection can force a first-class job i 
out of a contractor who i is unwilling to produce such a job or who | is incom 

Gere to do such work. _ Honesty, like skill, cannot be accurately measured - 

: but a sound opinion can be formed by reviewing the record ef his previous | 
contracts. inancial ability can be quite accurately gauged. Measurement of 

a business man’s responsibility by means of his financial statement dates almost ; 

_ from time immemorial. This factor is ~~ often overlooked in — 


For — to accept work more than two or ‘three 
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times the estimated cost (of the largest previous project of char- 


acter completed. The working capital, or net liquid assets available for 
project, , should also be. taken into acoount. will | 


‘depend ‘upon the character of job, according to Mr. Purcell. On highway 
work, for example, the contractor should have equipment paid for and working 


"capital equi al. to 10 % of ‘the project price. Mr. ‘Purcell: gave his opinion that 


a! if equipment was inadequate, the available yi working capital should be 15 or % 


of the total cost of the work, asiftad owted 


= Public. Works: is authorized to refuse to. furnish plans and 
specifications to, or ‘to receive bids from, contractors rs whom the 


the result of a the Legislature in 1929, the 


on the ‘subject, was s passed in in 1929; requires all contractors opereting 


divisions of the Department of Public Works—Highways and Archi- 
; tecture— —have issued questionnaires ‘to contractors as a part of ‘their pre- a 


as substantially that recommended by the Joint Conference « on Construction 
4 _ Practices, Clearing House Section of the American Bankers Association ro 


qualification program. — Mr. Purcell described the form of this ae 


the Associated General Contractors of America. Mr. Purcell’s account of the 


fia 


methods of correlating data is as follows: 


beg “Tn the Division of Highways the Statements of Experience and Financial 7 
reviewed by a board designated by the State Highway Engineer, 
= and then they are classified as to the class of work the contractors are quali- . 
fied to handle. on In reviewing the questionnaire a thorough audit of the finan- _ 

cial statement is made by the Chief Accountant. _ The classes of work tenta- _ 


attempted to fix a definite maximum limit. on contractors at the time their 
statement is However, a tentative maximum limit is fixed which 
- may not be exceeded without a special review of the contractor’s statement _ 
f ‘ by the Board. © , Doubtful cases are referred to the State Highway Engineer. 
The contractor’s classification and qualification are based 


tively employed are grading, paving, surfacing, and bridges. It is it 


on: 
_—The kind of experience e he has had. 


tion as to the purchase price, age, depreciation, ete. ne 
] 


“3 His record on previous work as it indicates efficiency in prosecuting 
the work, knowledge of how to do that kind of work, attitude toward the work 
and toward the State—that is, whether he is willing to produce a first- ) 


a 


job, or attempts to rob the job, ,and whether | he is on the lookout at all times — 


is statement (which is ‘carefully 


reviewed) and a short statement made 4 hth net worth and net liquid 
bis 

_ The contents of the statement are considered strictly confidential despit 


emen tric ite 
the fact that there have been requests for this information from surety com- 


op 
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whi ‘In order that the Department may have reliable information at hand on | 
_ which to judge the contractor’s fitness for future work, and i in order that the 

| Department may know whether or not it is justified i in increasing the a 

_ limit of capacity of a contractor, a complete file is maintained on each con- 
tractor. This file contains information on the following matters: al \feee0 


=< ee Pre- qualification | questionnaire st submitted by contractor and cn which | 
statement of current contracts, both with the State and with other 
organizations, in so far as this record can be kept. 
“(8) A perfornrance record is kept which will have a bearing on the con- 
_ tractor’s eligibility and capacity for future work. This record contains the : 
following data: (a) Attitude toward work: "whether or not the contractor 
~ attempts: to do a first-class job or attempts to skin the job; (b) attitude toward - 3 
the State: whether the contractor is willing to co-operate with the State or aed 
takes an antagonistic attitude; (c) prosecution of work: whether the work e 
is undertaken and carried out with due diligence or whether there is unneces- 
sary delay; records overrun of time are kept in connection with 
-(d) knowledge of work: whether or not the contractor knows how to handle 
_ that particular kind of work; (e) equipment: whether the contractor’s equip- 


_ ment is suitable for that kind of work, also whether it is in good condition 


tractor makes a practice of on every little detail and i is ‘always 


_ on the lookout to make a claim on the slightest excuse.” 


3 os Organizations that have adopted the policy of pre- qualification are ‘gels 
favor of i it, according to Mr. Purcell. California, the Associated 


a Contractors of America and the various surety ‘companies co- operate and are 


ai anxious to see the plan given a fair trial. ’ In closing, he expressed the hope 


that pre- ‘qualification will improve business relations between the State an nN 


il 


the « contractor, and that, if properly administered, it will result in the public 


Securing des high of service Ww increased cost. 


ORS: 


Introducing his subject, Mr. Hewes explained the attitude of the 
ite Bureau of Public Roads with respect to pre- e-qualification, as as follows: pre 


“Actual pre- -qualification of bidders (or of prospective bidders). establishes 
a group of qualified bidders in advance of the opening of bids. It is a practice = 
begun by the Bureau of Public Roads tentatively in 1923, and universally fol- el. 
i lowed in the Western lettings in 1928 and 1929. The Bureau procedure is ~- 
based. on interpretation of the administrative authority of 


4 


It has been productive of good 290 dose it 
y to idder’s ‘sheet from a contractor to 
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require a qualification statement in the form of the Joint ieileiaiad ro 
naire has also never been questioned . These are the two essential elements — 
of pre-qualification of bidders, 
“The Bureau has never adopted arbitrary or fixed stipulations. has 
never refused personal interviews between prospective bidders and contracting 4 
‘officers: (or their representatives). It has never made an issue of marginal 
eases. It has always given prospective bidders the b benefit of the doubt, but 
has seldom been embarrassed by weak bidders.” i 


In. other ways, Mr. Hewes pointed out, the practice had 


‘example, in the Western forests: and parks, it has put highway contracting on 
a sounder basis. | a It has also given confidence to equipment manufacturers, 
bankers, and surety people. a Tt has helped some contractors to avoid: disaster. 


The principle of requiring contractors: to establish their ‘qualifications: 


pe submitting bids is ; enforced, either by legislative enactment or by admin- 


procedure, in California, South Carolina, Georgia, Missouri, Ten- 
if _hessee, Wisconsin, Iowa, Kentucky, South Dakota, and Texas. In view of this 


general acceptance, "My propounded the question, “What, ‘if anything, 
against it? The paper was concerned with discussing this question from 
“ae, a legal point of view, especially as applied to three adverse developments, 
- - namely, the failure | of. proposed legislation in Oregon i in 1929; the act of the | 
“Governor of Pennsylvania in 1929 when he vetoed the pre- qualification Tegis- F 


lation placed before him; ‘and in the City of Philadelphia, ‘the case of a bidder 
who secured a favorable dindeiio from a lower Court to restrain the City from f 


enforcing its pre-qualification ordinance. | 


‘Orecon’s ExPERIENCE 
bas 


n Oregon, according to Mr. Hewes, the proposed bill (House Bill 429) ‘a 
provided that for contracts exceeding $25 000, the aw varding officers should 


‘in construction of public improvements, and of such other matters as a 
F public officer may require for determination for the benefit of the public in 

the performance of any such contemplated public improvements; and such 
statement with any subsequent amendment thereof shall be in writing on a 
standard form of questionnaire | to be furnished by such public officer, : and 
_ shall be filed with public officer prior to the date upon which bids for the — 
ae performance of public contract are to be opened, which statement shall not be ~ 
. Baleead except upon written order of such person or persons or on subpena_ 


ia As explained by Mr. Hewes, the qualifying officer Ww vas allowed a maximum > 


3 of seven days to > pass judgment on this statement and if the applicant was ; 


rejected, a written statement containing reasons was stipulated. On appeal 


within | five days thereafter, the | Circuit oF udge of the county was empowered 
hy: the Act to modif; ¥ reverse, or set aside the decision of the contracting 
officer if such action occurred within ten days ‘after’ the date of appeal. 


Pp 
For the remainder, “quoting, Mr. Hewes: 
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‘The of any contract for a public improvement concer 
Breppenre bidder has taken an appeal shall be postponed, and no bids shall — 
be opened or made public until such appeal has been determined ae 


“Under such language a dissatisfied bidder could, under unfavorable con- 
ditions,’ hold up the award of important contracts about three weeks. 
©The Oregon bill also provided that the contracting officer should announce 
the approved prospective bidders before opening bids. The contracting i 
might also require a bidder to withdraw to prevent his becoming over-e extended 
“While this Oregon act was pending, over-zes alous partisans sponsored the 
of a bogus bid to the Highway Commission, and this hoax undoubt- 
edly helped defeat the bill. Probably also the mandatory character of pre- 7 
qualification of bidders for all County | and municipal contracts caused oppo- 


Describing the instance in which the Governor of Pennsylvania vetoed a 


proposed bill, Mr. Hew es quoted the Governor’s statement issued in ‘connection 


“Tt places” discretion in one city official to disqualify 

Py without giving him opportunity for redress if the one’s decision was arbi 

As a prerequisite for understanding t! this situation, Mr. Hewes: explained 


n June 14, “1929, the Council passed an ordinance providing for the 


-~pre- qualification of bidders on city work. This order provided that the pros- 
4 pective bidder should file evidence that he ‘has the necessary facilities, expe- 
rience and financial resources to perform the work in a proper and satisfactory — 

manner within the time stipulated,’ and a statement as” to plant facilities, — 
amount. of other contracts, etc. In the case of refusal to file a statement, or 

_ ina finding that the prospective bidder was unqualified, the contracting officer — 
- was authorized to disregard his bid. In the words of the ordinance, a dissat-- 

Brg may, within 24 hours after receipt of such notice, request 

asians before a board to be composed of the said awarding officer, and two 
other heads of departments, chiefs of bureau, or other city officials a 
construction work and to be designated by the May orf 


Late in 1929, according Mr. Hewes, the Court, ruling in favor 


plaintiff against the City, decided that the o ordinance was illegal ; but 
quently this ruling was set aside by a higher. Court. under the agreement that 2 


“the ordinance of 1929 is fully authorized by the language of the 


Still later, the Supreme Court. of Pennsy lvania reverse sed the ‘second decision 

7 and upheld the Position ( of the ‘Appellant. ‘In it its decision, ‘the | Court declared 
‘that the ordinance i in 1 unobjectionable i in respect to preliminary 


e Court stated its, opinion dint 
all bidders on contracts Som be treated the same; (2) that 
the City may acaent and schedule all bids and ‘Vien , acting in good faith, may 
refuse to award the contract to the lowest bidder because he is not the lowest Ni 
‘responsible b bidder; or (3) the City may determine the responsibility of oo 
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’ “a in advance and refuse to receive bids from those who, after treating all alike, 
are found to be not t responsible. Howev to quote the Court, the ‘City, 


“May not impose conditions on one bidder, which are not 
imposed upon all; nor enforce a method by which, through favoritism, one 
_ person may be “conclusively authorized to bid on a pending contract, while 
<a another, equally as responsible and perhaps more so, is wholly excluded from 


even submitting a bid’” of of iaspert cela 7 
Lessons Dertvep rrom ADVERSE EXPERIENCE bring 
Summarizing the various phases of the foregoing three ‘ebale,! Mr. Hewes § while 


declared that they contained ‘not much argument against the life. 

.. ‘Where new legislation is semateedl , the evidence indicates that it is -prefer- tracto 


will u 


abe. to have: (1) Sufficient time for contractors to present their qualifications 
disast 


in advance; (2) to have those qualifications passed upon by a board or com- 


mittee, rather than by an individual; (3) to avoid any variation whatever in B 

- the treatment of prospective bidders; and (4) to avoid any method of appeal 7 fiw 

- that may delay the letting. It may ‘be questioned whether at this time it is Tn 
Bip tered poliey for legislation to attempt to cover the entire field of public aia 
contracts ; that is to say, to make it mandatory for all cities, towns, and coun- esigt 


ties to so ‘proceed. The Supreme Court of Pennsylvania explicitly sanctioned | and § 
_ the principle, and questioned only the method of pre- -qualification. The Gov- epen 
_ ernor of Pennsylvania questioned one- man authority. _ The failure in Oregon | es | 


d In the opinion of Mr. Hewes, the California law of 1929 contains the 7 i: 

essence: of good ractice for pre- -qualifyin, bidders. For example, Chapter 

Le, p 

-—ordin 


any person proposing to bid on public work, with | ‘posal 
plans and specifications for the proposed public work, require from any such affair 
‘person answers to questions: contained in a standard form of questionnaire 
and financial statement, including a complete statement of the person’s finan- hee 
cial ability and experience in performing public work, 
ss Whenever the Department of Public Works is not satisfied with the suffi- Beate 


tai Sn of the answers contained in such questionnaire and financial state-_ = 
ment it may refuse to furnish such person with plans and specifications on — tha b 


any such duly advertised public work, and the bid of any person to whom eid ie 
and specifications not been issued must be disregarded. 4 


PRE-QUALIFICATION OF CONTRACTORS FROM | 


“Responsible contractors are looking forward to the arrival whil 
the day when the American public will fully recognize distinction between 
 elasses of contractors, and will cease their past practice which has continually 
introduced dishonest concerns into this most 


Branch, General Contractors 
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while the cheap and poor construction creates untold expense and endangers 
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In this terse statement, Mr. Wilkinson expressed the consensus of opinion 


from the standpoint of the contractor. ~ They have come to realize, he sai 


The cheap-price method in construction encourages non-profit 


bringing» about the worst and most serious result of all, which is cheap sn 
poor construction. The non-profit operation deprives the Government of taxes, s 
life. In the last analysis under the cheap- price method, neither the owner 
nor the public are profiting because they are getting only what they pay for 
and no more. _ Any public | official, or any owner, who will try to get a con- 
tractor to take work for cost, or less than cost, and. any surety company that — 
will underwrite a contractor taking work on that basis, is certainly inviting» y 


In the ¢ opinion Mr. Wilkinson, the term, 


designates one who enters into his agreement expecting to abide ty the plans a 
speci fications, contractor may be responsible in. different degrees, 
depending « on the class of work to be done. . For example, ‘said Mr. Wilkinson, = 


i “The responsible small contractor is often - a man, or a concern, who may > 


not desire to do a great volume of business. He has a reputation for honesty > 
te integrity in his community and remains responsible by virtue of having | 
i 


It is a deplorable fact, he observed, that only two qu 
“ordinarily been demanded of a bidder, namely, that he submit the lowest pro- 


posal and that he provide a ‘surety bond. Commenting further on this state of — 


: “Ability to manage construction, technical skill in the particular type of 

work, sufficient equipment, financial resources, and, many times, even honesty 
have been regarded as entirely superfluous. ’ ‘The public official has, com- _ 
monly, been confronted with a discouraging task when he has tried to dis- 
- qualify an irresponsible bidder. Although the engineer may have known that 
the bidder was insolvent and absolutely incompetent to perform the work, yet 

he has found, when he tried to prove it that he was opposed from every turn 

by surety agents, material dealers, machinery distributors, politicians, and 

even, sometimes, bankers who have shown up to testify as to the bidder’s 

- financial worth, neglecting to tell how much money the said bidder was owing : 
and that they each were hoping to avoid a loss. 

_ “The awarding officials have not always been able to re ly upon the : sworn 

" staserimants of the bidders, and have tried to check them up; yet the sources 

sg information which should be at their disposal for that purpose, have not 
been in existence. There has’been no particular place where the records of say 

contractors were compiled. Often contractors who were in default on one job, 


_ while bidding on another, were, at that time, , insolvent, but managed to con- 


% 


_ “The public has been ‘wrongfully - taught to think. in of cheap price, 


it should hare been to think in terms of safety, per-| 
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manency, less future maintenance costs. Almost universally his cheap 
price, and not his qualifications, has determined the contractor, and this has — 
resulted in his taking the work too cheaply in order to get the job, with the F i. 
hope that something would happen to bring him out with a profit. the 
tition in public construction has been open to the world, with no price advan- 
tage given to the well-financed, well- equipped, and properly manned construct- t 


ing organization which can, will, , and i does, furnish a aA good job, built on time, | me 


™ One of the ‘most important steps to be considered in alleviating this con- ne 


dition i is pre- -qualification of contractors, in the opinion of Mr. ‘Wilkinson, 


Speaking for contractors in general, he said, bh i 


“We believe hae benefits to derived from this system will be very 
4 significant, both to the bidder and to the public, for thereby we will learn 
our limitations before going to the trouble and expense of bidding and, some 
possibly, may be saved from disaster. Thereby awarding officials will have a ‘ ‘Phila 
chance to exercise discretion unhampered by any agencies that have interests — 
at stake. These agencies will have no interest in a specific bidder before the 
award, and will not be on hand to thwart the action of the conscientious aw ard- 


_ “Under the pre- -qualification system the public official w ho acts as an agent 


for the nahin will have’ no opportunity to ‘inject his hand - into the 


Through the medium of an organized group as the Affiliated “of 


_ the co-operating and co-ordination of related institutions and industries are 


being brought about for the best interests of all concerned. Mr boy ilkinson cones 


declared that this branch of the ‘Associated General Contractors of America 
has taken the initiative in showing the advantages of pre- re-qualification. As 
a result, he said, the Bureau of Contract Information, Incorporated, has been . 


AALS 
organized f for the purpose of co- -operating with those responsible in the award 

i of construction contracts. ( Its specific functions were given by Mr. Wilkinson, ys 


a Re 


quest 


1 


2.—To carry” d forth 
facts: have once been established, an as urt er ‘contracts are 
“ion“Serhe disclose verified information about the performance records of : 
er to it by reason of their being responsible for the award of public 
“and private construction contracts, their writing: of contract 
 fermenien record and the regulation of e every general | contractor in the United 
“The records of all general contractors, whether ‘they fill out the 
_ naire or not, will be built up by checking with the numerous agencies avail- 


BOOTHE. onl the individual contracting concerns to those legitimately entitled § Gag 
To abrosat ting of contra 
Asia part of the program the Bureau’ is investigating the three-year 
States. In this way, according to Mr. Wilkinson, into thia,- 


meee 
— th 
. 
— 
he ge 
ia 
| 
— 
Brive: 


time, 


| 


very 
learn 
some. 
ave 
rests 
e the 
vard- 


ugent 
o the 
ti 


reau, 


are 
erica 
_ As 
been 
ward 
nson, 


nited 


per- 


ie the opinion of | Mr. Stevens, the decision of the ‘Supreme Court of | 


able for that purpose. Verified information concerning any contractor will be 
ay available to owners, and others with whom he has business dealings.” _ 


In closing, he urged the co-operation and assistance of the responsible men 

in the ranks of the related trades and professions—among surety men, equip- F 

@ENERAL DISCUSSION 


As a result of wt with | public officers 


‘that the present the Director of a ‘City 


‘to investigate the qualifications of bidders and that this i is a duty: that they are 


me 
Beerictesor* cited by Mr. Hewes, seemed to imply that the establishment of = 
a Rev iewing Board ‘composed of 1 persons not connected with the Department i in 
- question w ould guarantee to the bidders a more reasonable chance of unbiased 


The practicability of this attitude was ‘questioned by Mr. Stevens" since, 


he s said, the engineer is “peculiarly. qualified to handle the phase of the work 


‘concerned with qualifications of contractors, their financial ‘equipment, 
rience, ete. separate Board as suggested might be composed of 
with no knowledge of engineering or construction problems. 
Incidentally, Mr. Stevens declared ‘that the Department of Transit in 
‘Philadelphia had administered a total papeallbaes, of about. $100 000 000 in a *; 
six years, and that each contractor had been given an opportunity to 


his work under fair conditions. OG oF yo OG 


LOW-COST, BITUMINOUS-TREATED, CRUSHED ROCK 
AND GRAVEL ROADS 


= 


‘Under the complete title, “Further Developments in ‘the Constitiction 
~ Low- -Cost, Bituminous-Treated , Crushed Rock and Gravel Roads,” Mr. Frick- 
c stad outlined the progress made by Western States in this phase of toad construc- - 
tion since the latter part of 1928. For a survey of the status of the art previous a : 
tot this date Mr. Frickstad ¢ gave a ‘summary of a paper entitled “Bituminous a 
Treatment of Fine Crushed Rock and Gravel Roads”, by Thomas 


Engr. of Design, Dept. of City Transit, Philadelphia, Pa. 
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“Stanton, Jr., M. Am. Soc. C.E., presented at the Fall Meeting of the Society a. © 

7 ~ at San Diego, Calif., on October 4, 1928. At that time Mr. Stanton described “te, OS 

two types of treatment, involving fine- crushed aggregate with a light of Mr. 

7.9 

asphaltic binder known as “fuel oil. Le Sta’ 

The two types are abstracted by Mr. ‘Frickstad as follows: tional 

“(1) Surface treatment, sometimes called penetrative treatment because Te 

a the binder is to a degree absorbed into the upper strata of aggregate. Con- of hea 

s struction starts with a thorough preparation of the base, which implies repairs, | ing dit 

a! thorough compaction, and thorough cleaning. On the prepared base is spread ay 

approximately } or 4, gal. of asphaltic fuel oil per sq. yd., containing 60 to Af 

: 70% of 80 penetration asphalt and having a specific viscosity (Engler) at 50° | i 

- eent. of 10 to 25. This oil is allowed to penetrate the upper strata of the metal. coarse 

a Sometimes stone chips are spread to protect traffic. After a suitable interval §- recess: 
another application of asphaltic oil is spread, which may be of the same nature | aaa 

: as the primer or may be of slightly higher viscosity, or may be much heavier, serene 

_ approaching pure asphalt. Stone chips are then spread in sufficient amount ye 


to absorb the oil, and the road is rolled. __ Details vary considerably, particu: B 
Tarly in the amount of oil and stone chips added, which is higher for the 
ea heavier oil. Sometimes the second application of oil is kept to a minimum, +? 
usually 4: to 2 gal. per sq. yd., the stone chips are relatively large, as for State 
= § to 7 in., and a third spread of oil of approximately the same amount — — follow 
oa is applied and followed by finer stone chips. Heavy oil, applied hot or emul- _-pyaey 


sified, is considered more durable than fuel oil, particularly against weather Be “2 
itme | 
mixed with the upper 2, 3, or even 4 in. of surfacing material. The first con- ff ~ stone 


7 struction operation is to provide the desired amount of loose mineral aggre- 
4 gate on top of a firmly compacted base. — The aggregate should all pass a 1-in. 
‘Sa and one- -third to one-half should pass a 10- mesh sieve. It may be 

obtained by scarifying if sufficient be already on the road, or it may be added 
‘ for treatment. The oil is usually spread in three applications, aggregating 

1.25 to 2 gal. , or more, per sq. yd. _ After each application partial mixing is 
' accomplished with a disk or spring tooth harrow, or both. After all the oil 
is applied, mixing is completed by casting into a windrow with a blade grader 
+4 and moving the windrow back and forth over the road, turning the mass at 
—_ each move. The oil commonly used contains 60 to. 10% of 80 penetration 
Bt 9) asphalt, ift The viscosity is variously specified, generally 25 to 45 (Engler 
Specific) at 50° cent., or 45 to 80. The amount of oil varies according to the 
grading and other characteristics of the aggregate. As with asphaltic 
oe, generally the more fine material the higher proportion of oil is required. 
‘The quantity of oil is sometimes estimated by a formula suggested by C. L. 
_ McKesson, Assoc. M. Am. Soe. OC. E., sometimes by appearances, but quite 
mae by a modification of the stain test so long used in sheet asphalt 
_ practice . After the mixing is completed, the material is carefully spread with 

a blade grader to uniform thickness, and is compacted by traffic. During the 
on ‘compacting period, ruts and other ‘irregularities are eliminated by a drag | or 
a blade until traffic makes no impression, and until the road rides as smoothly 


d 
as the most carefully constructed high type pavement.” 
a percentage of aggregate retained on a 10- sieve; (over 
= percentage of aggregate passing a 10-mesh sieve; smal 
percentage of aggregate passing a 200-mesh sieve. vatel 
‘Tye 


7 & “(2) Oil mixing treatment, in which the | asphalt oil binder is thoroughly 
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4 ‘it Mr. Frickstad reported that i in the eleven Western States the 3 600 miles 
“of State highw ays had been -oil- -treated at the end of 1928. About 2 500 addi- : 
tional miles of road were treated during 1929, raising the total to 6100 miles. _ 
present trend, according to Mr. _Frickstad, i is definitely toward the us use 


heavy oil asphalt, content) in the. treatment of road surfaces. 
q 


iy 1929 fuel oil was used principally as a primer or as a dust palliative, 
A few of the less traveled roads were surface treated with fuel oil alone, but _ 
- generally the fuel oil application was or will be followed with heavy oil and — 
coarse stone chips. Thus, there is a reversion to the methods by which | 
fr macadam roads have been successfully treated during the past twenty years or be 
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more. Although the process has been very satisfactory on macadam, it has not 
heretofore been commonly successful on gravel or fine crushed rock. The intro-— 


nount 

rticu. duction of a primer seems to have overcome the difficulty. 
mum, Details of surface treatment a are far from standardized. California 


s for . State Highway practice is among the more elaborate, and may be outlined as ‘ d 


emul- —Clean, repair, thoroughly compact the base. ot gen 
ather 4 gal. pers of 50-60 oil. (Specific viscosity 
ughly —Allow the first application to “Add of fine 


con- § stone chips, if necessary, to protect trattic and is absorb oil that may settle in 


1-1n. “4.—Spread 4 gal. per ‘sq. yd. l. of | asphaltic oil at temperature of 


idded “5 —Spread sufficient: 4 to j-in. stone chips to cover the oil; 120 tons per > 
ating of 18-ft. road is the estimated qvantity,, bag this includes | 120 
ng 1s waste due to the effort to save labor, air pitty 

“7—Spread gal. of 94+ asphaltic oil, as before, 


with $ to 4- -in. stone chips; , 80 tons per mile i is estimated, which 

ation 


o the 
eon- of the States, and especially California, are firmly committed 


lired. the use of plant-mixed oil in preference road mixing. Describing 
C. L. in the use of road-mixing machinery, Mr. Frickstad reported that, 

phalt = “Most of the States are equipped » with tractors and blades for snow fight- — 


ing and ordinary maintenance, and have simply transferred this equipment to 
» the oiling operations during the appropriate season. ‘Use for these other purposes — 
or has influenced the purchase of equipment for mixing. One State, how- 
~ ever, has equipped itself primarily for oil mixing, and adopted the tractor or . 

dual drive type of self- propelled blade. A group of four of these is bg semen i a 
4 ‘dice. The best work is done with blades of 10 or 12 ft. in length. Regard et - 
Tess of the type of machinery, workmanship has steadily improved. The mit a 4 


_ thought was to regard mixing as a rather haphazard process, and io: often it : 
was such in fact. During the past year neatness.and system have been notable. oO % 
Partly oiled material is picked cleanly from the base and turned over and 
in accurately lined windrows ; after the mixing is nearly completed, 


the. incorporation of ‘uncoated It is then spread quite 
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skillful crew, road mixing can no longer be regarded as haphazard.” 


Aggregate grading has not progressed toward standardizs ation, “observed ‘A 
ie he Frickstad, and this confirmed his opinion that a wide 3 range is acceptable 


“To believe that gradings not only to asphaltic concrete, 
Bat to Topeka mixture and sheet asphalt, may be successfully mixed with 

&T he proportion passing the 200- mesh sieve is an. important element. This 

has been as low as 3 or 4%, ‘and higher than 20 per cent. Apparently, the | 

200-mesh material should fill the spaces” between the larger particles suffi- 


ciently to reduce the size of voids to the minimum and increase their number 


au _ Asphaltic oil from the Rocky Mountains i is being used successfully, accord- 
ing to Mr. Frickstad, although its characteristics are somewhat different from 
the California product. Commenting on the effect of ‘such ‘differences, he 
ite 


te many factors affect the success or or failure « of mixtures that the influence 


of the oil is difficult to segregate. Plant mixtures offer a better opportunity — 
to study the effect of oil than road mixtures. Undoubtedly oils differ in their 
- suitability and a strong effort should be undertaken to ascertain the reason. _ 
“After the first season of oil mixing the medium grade of fuel oil with 
an Engler specific viscosity of 25 to 45 at 50° Fahr., carrying 60 to 10% of 
80 penetration asphalt, was generally recommended. During the 1929 season 
there was a marked tendency to raise the viscosity _ to 45 to 80, which is the 
_ grade generally used for plant mixing. The higher viscosity generally carries 
with it higher specific gravity, and perhaps higher ductility, but adds somewhat 


to the difficulty of mixing, particularly 3 in cool weather.” 


= to the proportion of oil to be used, Mr. Frickstad stated that die 


the disagreement i is more apparent than real, for the reason that 
aggregates vary widely in grading and in their absorptive qualities. >For esti- 

=_ mating purposes it is common to allow 3 gal. per sq. yd. per in. of finished 


- _ thickness, with 15 to 30% allowance for extra requirements. The amount 


e used generally falls within the range of the estimate. One group of engineers 

advocates the least amount that will coat the particles; another the co 


amount that can be incorporated without producing actual instability. The 
J first group seemingly reasons that the surface area of particles is the sig- 
mar nificant factor, implying that the binding action of oil comes from surface — 
tension, which in turn that the quantity of oil should not exceed that 


that the voids are most and must be filled with oil. the 
time errors in the quantity of oil applied during the first treatment are sO 
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_souree of oil's sup] 
are generally being built with a minimum of 


statement cor concerning failures may b be quoted as follows: 
“Tt is safe to say that the principal failures continue to arise from faulty 
‘support. Support may be deficient in thickness of metal or stability of sub-_ 
grade. As frequently said before, an Impervious oil surface aggravates the 
— ‘effect of moisture in the sub-grade. Many oil projects being undertaken upon > 7 
o) - metal insufficient for untreated conditions, it may be expected they will 7 
found deficient when oil treated regardless of the method used. Emulsifi- 
 — cation of the light fuel oils in the presence of moisture and traffic is frequently 7 
-ord- reported. If the moisture comes from rainfall, the mixture can be protected 
from a _ _by application of a seal coat of heavy asphaltic oil and stone chips. Investiga- _ 
he ff tion shows that most cases are accompanied by a third condition, namely, the 7 _ 
presence of an excessive amount of 200-mesh material, usually clay. ‘Possibly 
trouble may be avoided by eliminating clay from 1 the mixture which, 
“Rain during construction is a source of much annoyance. The _imme- 
hele le effect of freé moisture is very similar to that of excess of oil, causing the i 
q ‘material to gather in lumps while being mixed. _ If the moisture is retained 
fie after spreading, it produces waving and 


“©The effect of moisture on the mixture during construction and afterward — 
a makes it advisable at the present stage of knowledge of the subject to proceed | 
- cautiously in. moist climates. This statement is particularly true of plant 


mixtures, as a wet pit cannot be utilized without drying.” seen Cee rt 


wih Qi ual Cur- -Back Binv—eR 


During 1929, and Mr. Frickated,. several projects were constructed with 


road- mixed er emulsified poe binder. — two ‘stops in the process were: 


if 
“First, w cater was. spread upon the Aegregate prior to and during the mi 


nary application of to 4 gal. sq. yd. of fuel oil was into” 
pad aggregate, which the mixing of the emulsion. ¥ 


_ 
aC 


a using ‘cut: back asphalt or heavy ‘road oil as’ a binder for a ‘mixing treatment a 


Ring “In using emulsions or cut- -backs in road mixtures, it is hoped, a course, 


to produce a harder and more stable surface than can be attained with fuel oil. i? rs 
"q . Engineers and highway authorities are not quite prepared to believe that - 
asphalt commonly designated ‘fuel oil’ has sufficient binding properties to make 
successful Oil mixtures are soft and dis- 


— 
is obvious that the less oil used, "the ape mnstruction cost—a im 
costs vary widely from about $1200 per mile to as much as $2 000 per 
erved Any single proj m rary even mo sin cost of the oj] is the 
‘table 
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that the early hardening of asphalt applied. a an a or a ied back is” 
highly desirable. The truth or error of this reasoning will not be known until 
-a number of projects have been subjected to several years of service, after 
which a study of their construction and maintenance costs should furnish the 
Sa A test road i in the Meygigenty River ‘Canyon, constructed i in 192 9, is expected 
to supply much information along thisline 


74 In closing his paper, Mr. Frickstad offered the following survey of the con- 


"struction as influenced by oil treatment processes : 


a First undertaken asa upieiiaaae measure, oil treatments of both types a 


are beginning to have a profound effect upon design and new construction in 
the Western States. Few Western State highways carrying as many as 500 § 
vehicles per day of summer traffic are being built without a definite program “a 

for oiling, and in many States the traffic limit islower, 


: “Approaching the use of oil from the construction side, surface treatment — 
ade 


has the disadvantage of requiriifg a well compacted © base, which > cannot 
‘ordinarily be had without a tedious wait or by using undesirable clay binder. + 

‘mixing requires special equipment that contractors do not ordinarily 
have, and surfacing is quite commonly finished during the season when oiling g 
‘is impractical. Consequently, many States are reserving oil mixing to their _ 
own forces, even if on new construction, but are adjusting the grading require- 
ments of new surfacing material to the needs’ of oiling. Plant mixing 
_ the advantage of being suitable for contract operations, which perhaps is one 


_ reason for its general adoption upon new projects in California. 
“The introduction of oiling has brought about a new examination of 
low and intermediate types of surfacing. Much material 
formerly considered too fine becomes available. 5 Binder, or filler, is being 
scrutinized more carefully. the other hand, the possibilities of penetra-— 
=~ macadam and the elimination of fine crushing are attracting attention. 
So far, the facility with which fine crushed material may be manipulated with | 
‘machinery as contrasted with hand labor and other expensive operations for 
- macadam shows the oil mixture to be much 1 the lower in price, although 
treatments have never been seriously proposed as substitute for 
standard high type pavements, but are actually encroaching upon the field of 
the latter to some degree where dustlessness and convenience to trafic: 
_ dominated the selection of type. — Also, for lack of a satisfactory or cheap 
- intermediate type, roads carrying 500 te 1000 vehicles per day have frequently 
been paved, but oil treatment is now being found sufficient for least” 
(ce purposes. Thus oil treatment is finding its place, mainly at the : 
* expense of lower types, but to some degree as a substitute for higher. 4 ih Sains 


MAINTENANCE COsTs | OF BITUMINOUS. TREATED, 


By E. Suuuivay,* Assoc. M. Am. Soo. yn} 


ag a subject for discussion, Mr. Sullivan chose the 44. 29° miles of ‘State 
Ak 


highway between and Daggett, “San Bernardino 
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4 fornia, which was by oil-mixing treatment. ‘This road had a 
-in. crushed gravel surface, which was not ‘oiled until it had been under 


“traffic for one year. At that time, said Mr. Sullivan, it was | still i in fairly “a 


condition. ‘The ‘cost of applying the oil- -mixing treatment ‘described 1 by Mr. 

Frickstad ‘wae given as follows: 


of oil furnished and «$577. 16 


Labor, etc., for seal coat. 
Total cost per mile for oil treating the completed road. $1 239.057 


on the has increasing, the. present average being 866 


vehicles for the 16-hour period between 6:00 a. m. and 10:00 P. mu. In view of 


this increasing load, ‘the of interest as shown in the 


Year. Road surface cost per mile Total cost per mile. 


item of | 24 is estimated since it could not be separated accurately 


prosta maintenance cost the fact that considerable attention was ‘required 7) 


on the edges of the 18- ft. . surface, which was becoming too narrow for the 


increasing: traffic. vig Other maintenance items, explained, have included: 
“Re-mixing short stretches of road that showed ‘signs of 
being too rich in consistency with ‘resulting corrugations. Probably not more > 
7 than 1% of the total road surface has been re- -mixed as a maintenance measure. 
__ “A few broken places have developed in this road surface during the << 
three years, perhaps an average of one such place per mile. _ These broken 
q ‘ places have been due, in general, to rodents excavating burrows under the 
_ surface, causing failures a foot or two in diameter. — The cost of ih) 
repairs is very small. The major maintenance work has been the holding of the | 


edges of the mixed surface from breaking down.” ATE 


In the opinion of Mr. Sullivan, the | maintenance cost in this case 


ae “Should ee traffic increase on this road ne more heavy trucking become 
established, it might be necessary to re-work the road at some future date, but a 
it is found by experiment that this road surface can be re- ~mixed to a greater 


thickness than that now existing on the road, at small cost.’ wil 


ctype: of surface treatment proved so well ailupted for arid and ; 
4 arid country that the work was extended into similar territory where a good, — 
well- drained, natural sand and gravel sub- base 
~The cost data. on seven typical projects covering 133 miles of road 
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ANaLysts or Cost or SURFACING on Seven Typican J ops CovERING 


— 


Wits Cosr o OF WATER’ | Cost OF SURFACING IN PLAC 
yh, i its FOR Sus- GRADE. {INCLUDING OIL AND SEAL Coat, 


% id Per mile. | Per mile. Per ton. 


_ _. miles southwest of Dunn 20.78 | $6 885. . $53 * 791. 7 
14.00 | 2 . 29 63 
4 Daggett to 4 miles west of Hector.. 21.22 P 361.7 05.£ 101 728.14 | 4 793.97 
Barstow to 1 mile east of Yermo 13.05 7 . . 60 659.50 » 4 648.24 
1% miles west of Siberia to 64% miles ‘ ’ 
_east of Amboy 22.88 | 17 500. 130 437 .60 is 830. 92 
9% miles west of Hopkins Well to) | 
Black Butte “2.10 2.§ 886.56 133 375.78 | 6 085.10 
2miles west of Argostol¥%mileswest} 
19. 47 | 16 821. 78 | 1 128 045.00 $19.72 


Averages for 133 n miles 18. 998 223. 10 | * ‘sisi. 32 $99 549.75 | $5 169.12 


_ This tabulation ‘differs from the previous list of data, according to Mr. 


Sullivan, in that it includes cost of crushing gravel and spreading ° the original 
a 


es gravel surface. ce. Mr. Sullivan explained ‘that under the conditions 


3} “Tn general, it is found most desirable to make the mix so dry that — 

i a tendency to ravel without this surface treatment. The desirable feature 

in requiring a dry mix lies in increased - stability, , resulting in elimination 

of any tendency of the road surface creep or corrugate; of 


surface treatment has been applied immediately after completion 
and compaction of the road surface. The cost of this surface treatment has ; 


averaged $155. 46 | per mile | on day-l -labor work.” pre Me ation 


ere The factors producing the best type of work were analyzed by Mr. Sullivan 

4, —It has been found that even when the quality of materials is not be 

best, reasonably satisfactory results can be obtained if additional skill 

_ and effort is put into workmanship. By this is meant, road mixing and re- 
mixing with careful adjustments in amount of oil. 

2.—Plant mixing has brought clearly” to light that of several oils passing 

a. California State specifications there is a marked difference in results. 


oul 3.—It has been found that the quality of aggregate influences results, not so 


because of qualities of hardness of the particles of the aggregate as 


because of qualities of natural binding value in the aggregate. Clay in the 
aggregate, however, is found to be very detrimental. In general, an aggre- 


gate having the best mechanical lock will make the best aggregate for oil- ¢ 


“Some of the plant- mixed jobs have now been under maintenance 


for over one year and maintenance costs are as indicated for the road- a 


pre 


job between Victorville and Daggett, which is now three years old. 
a. “Tt is believed that the plant- -mixed roads can also, if desired . be re- 


-mixed 
by field methods at any time, with any desired thickness of material added to 
increase strength for possible increased stress of heavier traffic.” 
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_ An interesting project described i informally: by Mr. _ Sullivan was that of 
a section of road in the San Mountains at Elevation 7000. The 
climate i is similar to that of the eastern parts of the United States where there — 


. is heavy snowfall and frost. In 1928 this ‘road was oiled by the ficld-mixed 
method to a thickness varying from 8 to 4 in. Mr. . Sullivan reported that in the 


praca’ of 1929 the successful parts of this road (about H%) were re- -worked — 

and re- -mixed with proper amounts of oil. ‘During the past winter, the road: 
has been under 6 ft., or more, of snow for periods of two or three weeks. Said 
Mr. Sullivan: AO ‘of two or three weeks. Said 


on this light surface; but the entire surface withstood that winter, and the 
clearing operation (except perhaps 5% which will now have to be re- -worked). y 
th other words, this is quite a successful effort for decomposed granite. ae 
_ “Tt would be impossible to build a permanent pavement at this time, even _ 
though we were ready to do that, because the fills are still very high and have > 
a great many slides, and for a temporary measure at least this treatment has 


conclusion, it is believed that the -oil-mixing for graveled 
roads is particularly suited to arid and semi-arid regions, where the roads — 

“are subjected to reasonable loads and to moderate traffic. Maintenance costs are 

low under these conditions. The amount of traffic that pagar iar rie 
ean withstand is as yet undetermined i in view of there being no sign of general 
failure and because it is believed that the strength can be increased to 


"increased future demands. 


‘ CURRENT I RACTICE IN INDIANA 


to unavoidable absence of Hinkle his discussion of the paper 


‘The types of surface described by. Mr. Frickstad. r 


ac .ckground, the use of a binder that - hardens slowly so that a smooth jidelug 


an be developed during the hardening process. a) tan the opinion of Mr. Hinkle, ; 

“The problem so far as the bituminous binder is ‘concerned is” to select 


one that can be readily incorporated in the aggregate and that will an 
results i in holding the aggregate in place after it is incorporated. 
The lighter or more liquid the oils, asphalts, and tars, the better will they 
‘penetrate the fine aggregate. However, the heavier grades are more durable ke x 

if they can be made to ‘stick’ to the surface of the aggregate which is some- wae 
times dirty. Thus, attention is at once brought to the use and study of the = 
emulsified and cut-back asphalts or similar acting bituminous materials, which 
furnish both qualities in that they are temporarily liquid with high penetra- aA y 
tion properties and after the evaporation of the water or distillate there 
remains the original heavy, “asphaltic product that gives the necessary bond _ 
= wear. It so happens that the fuel oil of California (and some other fields 
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Chi. Engr. of Maintenance, Indiana State Comm., Indianapolis, Ind. 
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little | preparation use in the ti o Kot 
“Tt is apparent that climatic and local conditions may affect somewhat J 
_ the details of construction of this type of surface as well as the results 
secured. A more thorough understanding of the proper use of light, medium, 
and heavy grades of bituminous products in bituminous mixtures and bitu- 
ie minous surface treatments will aid appreciably in the better ‘results secured — 


Developments in Burfoce of the light fuel oil ‘sug: 


gested by Mr. Frickstad, Mr. Hinkle ‘mentioned the possibility of substituting 7 
a light ‘cut- back asphalt or tar with the same 1 viscosity, a first surface 


treatment of roads covered fine- crushed. aggregate. For the next step 
‘the use of a heavier bituminous binder will generally produce ‘a more 


economical treatment . Then, said Mr. Hinkle, after a crust has been formed, — 
‘the asphalt or tar to be used might be classified as medium a and heavy. ie hecwss 
These three grades, he defined in terms of relative viscosities as 
“The medium grade has such a viscosity that will permit dragging the | 
_ treatment after the covering aggregate is applied and in the dragging opera- 
tion the aggregate coated with the tar or asphalt will be deposited in the 
- places on the surface thus greatly smoothing it. This medium grade of tar or 
_ eut-back asphalt may vary in viscosity from 50 to 175 (Engler at 50° cent. ¥ 
_ depending on the atmospheric temperature. — Tar having a viscosity of 30 to 60 
a (Engler at 40° cent.), and a cut-back asphalt varying in viscosity from 75 
to 175 (Engler at 50° cent.) has been frequently used for this purpose. | The 
lighter viscosities should be used in cool weather. The heaviest viscosity — ‘ 
ie can be satisfactorily used at the available air temperatures will produce 7 
the most economical work and will be most satisfactory from the point of view 
of early drying. The heavy grade of bituminous material, in addition to 
_ being a heavy fuel oil, mentioned in Mr. Frickstad’s paper, might be an | 
asphalt with a penetration of 175 to 250 at 25° "cent. ; ora tar ae a float 
test of 120 to 180 at 32° cent.” 


y= 


Beneficial of on this factdr of m ainte- 


Most ‘bituminous surfaces are subject to slight distortions 


a _— traffic which gradually roughen their surface. These slight irregular- 

7 ities can frequently be eliminated by proper dragging with a long base drag 
just after surface treatments with a medium grade of tar or asphalt which — 
treatments! are applied periodically regular 


‘Micing Treatment. —The ; mixing’ treatment that ‘involves light cut-back 
light ‘tar has been used extensively in some of the Central 


m States, according to Mr. ‘Hinkle. Quoting from the: written ten d 


“Although light and medium grades of tars and asphalt oils differing from = 
the fuel oils used in California have been generally used in this work and 
although some of the details of the mixing operations have differed, the ; 

general process ‘used has resulted in producing an intimate mixture of the 
bitumen and loose aggregate which is leveled and spread over the surface — 
and compacted by traffic sometimes aided by the use of a roller. — ‘The use, ~ , 
in this work, of California fuel and similar oils in climates subject to heavy is 

moisture combined with deep frost action has been experimented with ‘enough 
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to indicate their possibilities. Tt is yet to be fully demonstrated that they i 
will form a surface as resistant to traffic and other destructive agents as a — 
- eut-back asphalt made from an asphalt base having a penetration of 70 to 110. 


“Jt has been observed that, where a layer of comparatively course aggre- 


, &- Des _ gate was treated on the road by the ‘mixing’ process, a much more stable crust 
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was produced. This led to the development of what is termed, for want of a 
better designation, a ‘bituminous retread top’ of 2 to 3-in. “compacted thickness — 
of about a 2-in. size stone. ‘This differs primarily from the oil- -mixing 
method described by ‘Mr. Frickstad in that a coarser aggregate is used and | 
the bitumen consists of cut-back asphalt or medium grade of tar. While 
many variations in the details of construction have occurred in the past, this 


has now been more or standardized in Indiana. Re will 


process of applying the “retread top” ‘was deseribed by Mr. 


¥# On top of the surface during any time from a week to six weeks after 

| the oil is applied, crushed stone, slag, or gravel (preferably ranging in size — 

g , idm 14 to 24 in. )i is spread « on the surface from trucks to a depth of ot 

a in. This aggregate is leveled by the use of a heavy grader and the edges _ 

are trued up by hand. To this loose aggregate is applied about 4 gal. per zz 

fg yd. of the medium tar or cut-back asphalt. The aggregate is then harrowed 
with a spike tooth harrow and struck off with a grader and rolled once imme- — 
diately thereafter and as soon as the bituminous material hardens —T 


that the. aggregate will ‘compact and remain 80, is. rolled. 


2 bituminous material, the voids in the coarse aggregate are filled with 3-in. a 
- aggregate leaving a uniform and slightly excess layer of covering on the _ 
surface. After the third application of about 0.35 gal. of bituminous material _ s 
the surface is planed or and again thoroughly rolled. fourth 


‘in. aggregate may be used if necessary. This process resembles the mixing 

_ method in its first stages (except the size of aggregate) and its falshing ey 

operations are like the bituminous (penetration) macadam method. The 
smoothing and leveling are largely done mechanically and experience has” 
_ shown that generally a smoother surface is produced and at a much less 
‘ cost than an ordinary penetration macadam. The cost of this top course, — 

7 3 in. compacted, including the oiling of the old road for a 20-ft. width, in a 
_ Indiana,.has been from | $3 800 to $6000 per mile. Experience has “shown 
_ that, where this top is built on a suitable base, it will carry any ordinary traffic 
that may be found on the average State highway. The surface is maintained — 


by surface treatments as the ordinary bituminous macadam i is maintained.” mA 
As an alternate to this method, said Mr. Hinkle, ae ont 3 


 ®There i is being advocated. a a plant” mix method par 


24 to 14 in. in size, unheated, is coated with a medium grade of tainbes. ae 
material before it is hauled to the road. This coated aggregate ‘is spread — rd 
upon the surface with the road grader and other machinery in much ‘the 
same manner as the ‘aggregate is spread in the road- -mixing process. This 
aggregate compacted by rolling: after which a 
a -in., , coated aggregate is spread on the surface and the surface again 
‘There is now being experimented with, a system wherein this 
coated by immersing it in the asphalt or tar as it is unloaded by conveyors — . 
from the car. These methods of making a plant mix of coarse aggregate bear s 
the same relation to the , ‘bituminous retread’ described, 
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the long-base_ heavy drag or planer is the greatest development in in the con- 


‘E Commenting on types of equipment, Mr. Hinkle : stated that in his. opinion 


struction of the cheaper types of bituminous roads. With such equipment, 


Be “A surface can be made even smoother riding than by any hand methods © 
yet devised. This smoothing applies especially to the oil-treated base for the — 
‘retread top’ where it is necessary tet Stat producing a smooth surface if a 
‘smooth riding finished surface is obtained. — Generally speaking, the equipment 


bound gravel or stone road. While special machinery may be provided, 
as Mr. Frickstad states they are doing in some places, fortunately this is not 
“necessary for counties and other smaller governmental units which will fmt 

occasion to build short stretches of this of surface.” 


Grading o of ‘Aggregate —tThe method of applying the bituminous retread 
described by Mr. Hinkle, requires the use of a comparatively coarse aggregate 
as ‘compared with the fine aggregate described in Mr. Frickstad’ paper. In 


“Tf it is demonstrated that this fine aggregate will prove ‘successful a 

; those areas subject to deep frost action and heavy moisture, the fine aggregate | 
method as described by Mr. Frickstad would prove of immense value in many — 

- areas where there is an abundance of local material of this character. The 

. : writer is in doubt, however, whether this fine aggregate can ever be made to ; 

support the loads in such areas that the coarser aggregate method is ‘eae 
of carrying. In fact, with the coarser aggregate method the question seems _ 


ul 


_ be largely one of sufficient base in order to carry the loads rather than : 


< question of sufficient durability of the top. In some places this coarse aggre- 
_ gate method has been used on some of the heaviest traveled roads in Indiana ~ 


zz and it can be said that, but for the necessity of treatments as a maintenance © 


operation every year or so (which is some inconvenience to the traffic), the 7 


Bituminous Materials. —Defending his advocacy of cut-back asphalts and 


tars in this class of work, Mr. Hinkle explained further, that, 


“Best results will be secured by | using an asphalt having a a penetration of | 


80 to 120 at 25° cent., and that it matters little whether this asphalt is put in — 


a liquid form as a cut-back product or as a suitable emulsified product. _ by 


% as “While the fuel oil of California and other oils may not exactly comply si 


with these requirements, they do not seriously depart therefrom. Also, the 


though they are not quite so satisfactory under certain With 
the use of this fine aggregate the first coat of bitumen at least must be a 


Ps very light tar, fuel oil, or cut-back asphalt, with a certain kind of distillate, ‘ 
as other grades" will not readily penetrate such aggregate. 


Tf further e experiments with fuel oil or some suitable substitute 
wie aggregate containing an. excess of fines proves successful i in all climates, — 

ill prove of great merit in those areas where much local fine aggregate 

availble, as frequently the local pits will supply this aggregate in about 
the proper ieduiasiin of fines that Mr. Frickstad describes as being used in 


a country: subject to deep : frost action and moisture, Z 


Mr. Hinkle a as to whether much new construction of this" 


_ type would be done, because the cost of building bad adequate base w bah be 
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such climates there are usually many miles of old ‘stone snd 
§ roads which have been used for many years and which frequently have a a 
ie. well-compacted and solid base. These roads, especially where heavy trucking | 
is not likely to develop, are very suitable foundations on which to build this 
low-cost bituminous surface | and which will frequently serve the public as 


a higher type surface.” HAZ LAD» iti. 


we 


Standardization of Types. »>—Mr. Hinkle classified bituminous top 
into’ five general groups as follows: arr 


| treatments on traffic- bound gravel and stone roads wherein a 
7 light grade of bituminous material is used as a first application on the 
fe clean, compacted surface consisting largely of a fine aggregate, and then, by | 
a successive treatments with medium or heavy grades of bituminous m <a 
and the addition of aggregate covering, a bituminous crust is built” up suffi- 
_ “4—The bituminous ‘mulch’ or ‘oil mix’ method wherein the light oe 
be of bituminous material is mixed with | fine agg rregate on the surface to a ec 
depth of mixture of 1 in. to 4 in. pi 
road with a plant of 1-in. to 3- in, depth the mixture 


q 


and is compacted by traffic (this mixture is virtually that described under 
a a 2,’ but a plant mix instead of ‘mixed in place’) weet 
bituminous ‘retread top’ made by mixing on the road an ‘aggregate: 
ranging in size from 24 in. to 1 in. by successive applications of a cut-back | 
asphalt, emulsified asphalt, or medium grade of tar, the first stages of this 
method resembling Group 2 method, the final resembling the 

-A plant mix of the same size aggregate (uinhieathay ‘as used in ‘Group 
4 and an emulsified asphalt, a cut-back asphalt, or medium grade of tar, either. 
- by mixing the material by ordinary mixing-plant methods or by immers- | 
ing it in such bituminous materials, the coated material being hauled to the 
road and spread in the same manner as in ‘Group 3’, and which, | after 
: thoroughly rolling and curing, is coated with 3-in. coated aggregate applied — 
= spread in the same manner, using a comparatively lean mix and sealing 
with an ordinary seal or surface coat ‘if 


The ‘first three of these ‘groups, were described by Mr. ‘Frickstad. 
The Base Required Varies with 


“Where deep frost action and excess moisture are prevalent, it is necessary A 
to use greater precaution in having a suitable base than is necessary in the ? : 
ii arid districts and warmer climates. Many of the roads in California 
te may be treated in the ‘manner Mr. Frickstad describes without developing — 
7 the base to greater strength, but if that same base were used in other areas, is 
i would prove a complete failure. It is evident we are learning much about | 
_ the construction of these cheaper types of surface and there Se no doubt of 4 
_ their great value in developing at least a secondary road system. . It is likely " 

they will, as he states, encroach in many places. upon the higher types 
it is extremely necessary that a thorough study of 
_ problems involved be made in order to avoid building such types where they 
are ) liable to | prove failures and thus discredit them in their. legitimate and 
economical use in other places. “tug » baud od} nO 

__ “Perhaps there has been no more ‘missing link’ in highway development yy 
at than the need of a low- -cost secondary road which will carry a limited amount 
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iy 
remarkable new facts and some upsets. In general, however, it is agree 


of heavy traffic and an unlimited amount of light traffic, for it is | evident 7 
_ that the bill for constructing the high-priced pavements on all highways will © 
_ unnecessarily the proper development of any highway quiron 


RIDING QUALITIES OF THE SUGGESTED SURFACES 


per By Hewes," M. Am. Foe. E. 


Hewes, _ emphasized 1 the fact that little had been said of the 
 &The travel in the ‘West covers such long distances between cities that 
er reopen passes from the old dry gravel road on to the long stretch of the 
“new type of work, and travels for scores of miles with scarcely any Postion 


of his machine, one senses a measure of the results that are being obtained.” 


factors were important, in the opinion of ‘Mr. Hewes, namely, 


the minimum ¥ width of roadway surfaces should be 20 ft. and that the bitu- _ 


-minous mixtures must be placed dry. Furthermore, he questioned the fairness — 
of imposing upon traffic the sole responsibility for. rolling the unbound sur-— 


face of a highwa; ay y for 6 to 18 months. The rolling work should be part of the 


It seemed to Mr Hewes the application of “the seal coat destroyed 
the smoothness of the surface, even when screenings were placed with the 


In closing the Morning Session, Chairman Hewes declared highway engi-_ 


“neers have a remarkable ‘state of affairs before them for study an nd analysis, 


ay “After fifty years of struggle with: street | eeghislt’ mixtures we have passed — 
into a new critical analysis of that type of surface which has revealed some 
tac a 

that the engineer must put in enough bitumen, or pure asphalt, not greatly 
. in excess of the voids, and that he may increase the 200-mesh material. a The | 


vs result is thet the optimum amount of asphalt is at least 8% or more.’ , seal’ ye 


ood The resulting stability then becomes a matter of concern, and to determine 


“ this stability, several types of standardized measuring ‘machines are being 


Then, in 1927, a new mixture was introduced which, according to Mr. | 


3, required not much heat, nor much critical analysis of grading, and — 


a not much curbing of ‘the material. ve pavement top 3 in., or less, in depth is _ 


of 8% hard asphalt carefully heated and mixed with carefully graded ‘material. sy 
oe, On the other hand i is the | the grading, roughly | put ; tagetlier: with about 4.1% weak — 
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% , according to Mr. Hewes, produces a ‘road of 
‘stability, and yet it ‘probably would to a ‘sample 


WESTERN HIG HWAY PRACTICE 
J 
By ©. Ss. Pore, M. Am. C. 


"protection of against destruction by si storms. 
The financing of highway work i is now being planned th assumption 
of an ever- changing, never completed program. Said Mr. © 


pa: “Western highway engineers now realize that no highway system will e 
be entirely completed, but that it will be added to, rebuilt and changed, and 
improved to the advancing needs of traffic farther into the future than any 
F man can predict. Through the gas tax, a source of steady income, automati 
™ cally adjusting itself to the finances required, has been set up, thus. enabling 
construction programs projected from ten to fifty years into the future to 
be outlined with a moderate assurance ‘that they will be carried forward. 
_ Whether a gas tax imposing a moderate tariff on motor vehicle owners will 
y - furnish sufficient funds to meet the demands of highway users, — hong 


_— assistance of bond issues, is a question which time will answer.” cer 


ig However that may be, Mr. Pope declared that California is no 
its definite road expenditures on the basis of the needs of the next ten years 


pia’ is asin very much farther ahead than that i in ‘its progressive tai 


2. In many W estern § States, the clearing of ground to 1 Sila way for highways: 


is no small task. | This may be judged from the costs presented by Mr. Pope. 
4 ‘For example, he pointed out that to clear the right of way of moderate-sized ; 
and costs per acre. Trees in class are most 


diameter, they down by hand. clearing cost, may 


then become as high as $1 200 per acre. 
On one project, said Mr. Pope, ok, 


ranging up to 18 ft. in diameter. ~The cost of clearing $7. 00 
per thousand feet board measure of timber while ‘stump ‘removal 


4 veraged about $6.50 per stumy 
ee Cht. Constr Engr 


through 
<7 Hee Writing under the caption, “Western Highway Practice with Special 
” __ Reference to Some Construction Problems of the California Division of Bo 
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(Papers. 


Then ‘directing his. at. ‘the. of hig ghway construction to 


furnish protection : against the elements, Mr. Pope ‘described i in succession the 


3 
at ructures used in protection against floods, cloudbursts, sea “waves, moving 


In arid regions: where "_considerabl 


Pope, solid | s are and the is 
for flexible types of construction or for those that can be a re — 


ped with stones tol: insure its settling down aut 
any washouts might occur under the fencing. 


- this ‘system, 9. -in. pipes spaced 5 ft. apart are used. ‘The ‘two lines 


5.0 ft. apart and the space between is ‘filled with | alternate 


‘willow brush and stone. Mr. Pope declared that a 24-ft. layer o 
sere brush would be compacted to 1 ft. under these conditions. In a variation 


; of this method, sausage- -like containers of wire mesh | are filled with stone and 


placed i in piles between the two rows of pipe. at Bast 
Another form of flood protection described by Mr. Pope was mat 
of wire mesh and cobbles which to a certain extent ee. oe eae 


“Follow any undulations which . may occur due to washouts. It has been 
extent used in storm protection work in Los Angeles County, but not to & 
any great extent by the Highway Organization. - The cost is stated as about 


Reinforced Concrete Slope Paving. —Concrete paving is used extensively. 
for bank protection in California. Deseribing the elements of the process, 


a suitable toe wall of sulfcient depth. 


details of the slope paving are the slope the 
ei the detritus carried by the stream. In some localities it’ has been found 


desirable to make the thickness of walls more. than 6 in. to resist ‘the 


by the use of 2 in. of gunite. The cost of of raforcl cone ples paving 


varies ith the local conditions.” 


generally more, stable, deflecting jetties ‘are sometimes constructed of piles 

_ with wire mesh. or barbed y wire nailed to ‘them. In places where the detritu 
carried the rather light skelepon, {etrahedrone steel or concrete 


ir. Pope. Describing ‘these etrahedrons, 


“northern part of California, where, the stream beds, are 


August 
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OF Witte E FENCING RUSH AS STREAM LECTOR, SOUTHERN 


TETRAHEDRONS UsED AS STREAM DEFLECTORS AND TO BUILD 
SHORE LINE IN STREAM. 
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“Their function is to interrupt the flow’ of the stream in a manner 
‘as to cause silt to deposit in the eddies’ back of them, and they have very ~ 

5 successfully performed in a great many locations. Those used on the Colorado 
_ private interests were constructed from steel rails, 30 ft. in length, 
and were used successfully in deflecting this large stream where other means a 

had not been successful. They were held in line by the use of steel cables © oa 
attached ‘to mushroom anchors of concrete. The method of placing had a 

_ very definite influenc on their successful use. This method consisted of 

_ placing the obstructions one after another down stream, which caused silting 
of the protective bank to begin at once and prevented further scour. | 

“On highway work a row of reinforced concrete tetrahedrons which had 

- been placed to deflect the stream on the Ventura River was the means of | 


a of highway during the St. Francis Dam disaster.” 


Pope’ asserted that engineers’ "general ly feel that cloudbursts recur 


_ approximately within the same areas “frou time to time. His comment on 
this opic ‘may quote in fu he ok 


“The water often appears without | previous" intimation that a cloudburst 
has occurred. The first knowledge which the observer has of the approaching _ 
danger: is the appearance of a wall of water and mud sweeping down the — 
canyon. The method pursued in the past had been to construct paved dips — 
across all locations where the profile indicated that storm or cloudburst run- ae 
offs were usual. This, however, proved unsatisfactory in many cases because — 
of extreme scour “which occurred at the overflow ‘aprons, and also the large 
expense of cleaning débris from the dips and roadway after each storm. It 
7 seemed practically impossible to check the velocity of the water after it had - 
; crossed the pavement either by cut-off walls or by use of water cushions. Joma 
k _ usual formation in sections where cloudbursts are frequent shows the presence | 
5 _of flat débris cones issuing from the canyons or other sources from which the 
w pron and ‘spreading out into the lower lands. bh 
California State Highway engineers took advantage of ‘this ¢ condition 
and. adopted a system formerly used by the ‘Santa. Fé ‘Railroad in similar = 


"circumstances. Pick-up channels or dikes, mentioned by Mr. Pope, | are con-- 
q structed across the drainage lines of the cones so as to increase the velocity ye 
in the channels more than that produced by the general slope of the cones. At de 
some. selected control ‘points, the highway is constructed on a trestle to permit 
passing of the stream. tats” pire stat ‘barn 
wide open valleys. are encountered in in desert regions, storm flow 

occurs as broad sheets of water. Then, said Mr. Pope, i it “necessary 

to construct extensive dike systems. fin nid de silt: ne 


i¢ 


‘The costs for this class of protection work were given by Mr. Pope, 
follows: : Ditching on débris cones, about $1 500 per “mile; “wider ditches ahd 
a= for wide desert. valleys, about $2 500 per mile; and timber bridges and 
with creosoted to long, and a 2 24- ft. roadway 
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expedient, he said, and this method i is now in work. 


Protection Work at Santa “Monica — —A very interesting description of 


special problems encountered in this class of work was presented by Mr. Pope. — 


10Rendoen rip-rap with the majority of stones weighing not less than 5 | 


_ tons has been used to some extent on highway work where the action of the 


s and tides is normal to the coast line; but the typ pe of equipment avail-— 
able on highway work makes the handling of heavy stones extremely difficult. 


This situation arose in connection with certain work in Southern California : 


along the rocky coast north of Santa Monica where protection of slopes 
against sea action became necessary. — ‘it was decided that since large rock 
suitable for both rip-rap ‘and blanketing the slopes could n not be handled at 
the site of the work that a different plan of protection should be » cused. Accord-. 
ingly, a design was worked out under which concrete cells should be con 
_ structed which could be lowered into place and afterward filled with concrete 


“The reinforced concrete cells were 10 ft. long, 5 ft. wide, and 3 ft. high, — 
their estimated weight was about 34 tons” before ‘filling, or 12 tons in 
wo anigg owe boar bea wiew + a Yo oft: 
Their: -eost in place was about $95 each, or approximately $8 per ton. is 
os “After the cells had been set in place and before they were filled with 

- concrete, it was necessary to grout the boulders on which they were set with 
Bs setting concrete in which cement and hard wall plaster were combined | 


in proportions of 1 to 1 in order to insure scaling of the concrete against — 
wash from below. When the cells had been filled completely, it was again © 
necessary to protect the fresh concrete against wave wash by boarding the top. — 
“The shore line at this location is entirely exposed to the full ‘sweep of the — 
* Pacific ‘Ocean and consisted of rocky bluffs with a steep slope into deep — 
water. The design in this case called for the construction of a toe wall 
below. high tide, the paving of the slope in front of the toe wall to below 
water, and the construction reinforced concrete slope paving 9 in. 
- Se based on the toe wall and ending in a parapet | designed to throw back 
* _ running waves. It was possible to place the concrete cells along the tide line, © 
-_- but owing to the heavy run of the sea, it would have been impossible to have 
built the toe wall or the slope walls without some protection. _ Accordingly, — : 
such leveling and removal of boulders as” was possible was done at low tide 
“he and the concrete cells were then sunk into line on the roughly prepared — 
Foundation and filled with concrete and heavy stone between ‘tides. 


cells be being poured and the beach boulders grouted, « enough protection 
— afforded so that sufficient time was allowed in spite of the rising tide, ae 
. - pour the base of the toe wall to a height of 14 to 2 ft., leaving from 14 to 2 4 
ft. to form on top of the base, the boxes acting as a form on ‘the outside. The 

_ section of base being poured, the top section was poured into the forms built — 

on the base These’ forms were built while the other work 


te top era a wall to tie the toe wall to the slope paving. 
“This work had to be carried on during the winter months, most 
L orable time of the year, in order not to delay the dldpe’ paving.” ‘The | 
pall anal was all at a low elevation | on atthe beach, varying from eile 3 to 0, ‘ane 
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The low-tide elevation -from- approximately 
re 2 to —1.5, and an average of zero. Favorable low-tide conditions were 
often nullified by high winds and a consequent heavy surf. 
' “4 maximum amount of work had to be done at low tide periods. Excava- 
tion was usually begun 2 to 3 hours before low water, while the waves were 
- still breaking - over the location of the wall. _ All the men were soaked from 
head to foot. Occasionally, a man would be slightly injured from being 
j upset byea wave. The work could be pursued until the tide got too high, 2 
to 3 hours after low tide, giving from 4 to 6 hours per day that effective 
work could be carried on. It was found, in general, that excavation or 
form work could not be left overnight, as the excavation would be washed 
‘full of sand, and the forms washed away or badly damaged. = = ~~ 
“Broken ‘shifts were often necessary on account of tide conditions. Night © 
work was made possible by the use of carbide lights. - Moving the derrick and gt 
hauling cement and other materials, building concrete chutes, 


etc., was done at high tide, when no work could be done on the beach.” ae a 


Sagi 


NT FS } 


Pre: a few hours a sand tates may place a dune several feet deep: directly 
across a highway. Mr. Pope described one : such dune that cost the State. of 


California about $7 ” annually for keeping the road clear 7 a section 


of years demonstrated that they -eould be conquered if proper 
used. _ We found that in many given localities the majority of the dunes — 

_ moved in a certain direction and attained a height which was seldom exceeded. 
By the construction of a high-grade line over the worst section of "dunes 
‘its was possible to eliminate entirely all dangerous drifting and have a road 
which is clear at all times. In| another location a study. of the dune indi- | 
_ cated that it could be removed by wind action by cutting channels at suitable 
_ locations. This work was done and the dune was removed at a cost of a few 

hundred dollars and the removal of similar dunes has since been accomplished _ 
by the same method at a very low expense to the State.” = | i. 


a. nerally speaking, said Mr. Pope, the danger due to earthquake is not | 


serious: as far as s highways are concerned. However, some ‘noteworthy experi-_ 


ence seems to have been gathered by hig rhway en ineers on this particular 9 


in earthquake country should be solidly ‘constructed and slopes 


should be cleaned 1 up so as to eave mi hanging rocks. 
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and the filling of watercourses with lenge quantities — of cor 
E addition, these tendencies destroy the scenic beauty of the highway. 1 dtior a 
the: U. 8. Bureau of Public ‘Roads, with the assistance the 
‘National Park ‘Service, has taken steps to protect the forest cover along the 
way during construction. The best protection, according to Mr. 
‘Bright, has resulted from designs involving full bench sections, balanced 


fills, tunnels, hand- -laid embankments, concrete cribs and Tetaining walls. 
Specifications—To quote Mr. Bright directly: 
“Specifications have provided that clearing shall be done in stages, leaving 
a se reen of timber on the lower side until after the heavy shooting has been | 
finished. The blasting requirements have stipulated that the contractor shall 
furnish a definite plan. of drilling and loading, for prior approval. It is con- — 
; templated that the engineer will approve this plan on its successful demon- > 
_ stration over a small area. The ‘teeth’ in the specification give the engineer 


. authority to require the spacing of holes at not to exceed 2-ft. centers, with 


‘ a minimum charge of 4 lb. of 40% strength dynamite per cu. yd. of material _ 


Penalties are imposed the contractor for infraction of these rules. 


- cost from * 40 to $2.00 per cu. ae over and above the usual cost of rock 


cover, and many ones have been built. The tendency 


toward “greater lengths. Highway tunnels have proved economical, said Mr. 


Bright, “the prices varying from $55 to $100 per. ft. for a 93- ft unlined 


* roadway section, and from $80 to $130. per I lin. ft. for lined tunnels.” 


> ae inance. —During the 1928 season, as ‘reported by Mr. 


Western States received $91 500 000 for highway purposes. The sources 


“Show that the. Federal Government. is contributing approximately 16% 
of the cost of the State road systems in this area. Or, taking it in the © 
reverse order, the State systems: are being united into. a Federal system at a 
cost to the National Government of 16% of the ee rae 
__ “Furthermore, the State road users are paying about 76% of the State’s — 
share, through licenses ‘and fuel taxes, leaving only 24% for other ‘State 
With such a large contribution by the road users, it is apparent that 4 
‘should give first to the Serving of 
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traffic. There is nothing fiseally if 
4 _ “This stage construction may involve narrow surfaces, y pioneer roads with 
* short stretches of steep grades, concrete fords in lieu of expensive ao, 
and temporary oil process surfaces on old county roads. This oil-processed 
material can be readily salvaged and transported to the final location. The 
| oil processing of base courses for serving traffic is also an economical expendi- q 
‘ture where mileage and short seasons are governing factors. 
well- planned budget is paramount for good | administration. It 
_ gover a series of years, letting the improvements advance in an orderly 
ee — manner. Service to the public should demand that budgeting prevent dead- 
end projects, or lenge sums being tied up in frozen surveys.” 1 


‘Bright ‘expressed ‘approval of Mr. Pope’s suggestions for clearing 


right of way ' well i in advance of construction. Ink his opinion it was ‘possible — 


this means to do ‘any burning necessary when ‘fire hazards: are least. 
_ Furthermore, slope stakes can thus be placed far enough in advance of con-— 


struction and the cleared right of way permits the ‘sun to melt the — 


 DISADVAN TAGES» OF 


Pope’s paper, Mr. I Howe called 


4 


cal 


said, there is a proposal discussed in Texas to ‘Taise $300 000 000 ‘by 
= 5% bond i issue, with the idea of spending it on State highways during the next 


years. Opponents of the bond issue arguing road. types are 


the 
changing sO rapidly that much work built at once would obsolete 


before the 10- “year program leted. Ady? _ 


i a Mr. Howe was inclined t to question the policy of raising a very large bond © 


* issue for long-ter term financing, on the ground that one poor State administra- 7 


Influence of Soil Classification—Another factor ‘that might contribute 


= 


Ge nel obsolescence in highway construction of the future was research in 
the field of soil analysis. Citing the pioneer work of Charles Terzaghi, 
Am. Soe. ©. E. in this Sela, Mr. called attention to the possibilities 
8, especially 1 road foundations. — 
Bi he cited the ‘expressed opinion of an eminent engineer who 
that the investigation of colloids a the work of physicists would 


pee: develop a method of hardening or toughening various soils, In 


summing up these thoughts on factors that 1 might produce early obsolescence, 


2 
front i in highway construction methods. ‘The work of bank protection, 


ee might be thus made almost unnecessary, and wearing surfaces would 4 


‘Mr. ‘Howe stated that such | developments would | cause a complete change of 


Engr. (Howe & Wise), ‘Houston, Tex. 
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IRRIGATION 


‘April 24, 1930—8: :40 A. M. to 12:00 Me.” 


: 
THE PROPOSED COLORADO RIVER AQUEDUCT 
METROPOLITAN WATER DISTRICT 


dl 


After a a preliminary business session, ‘the paper by Mr. read = 
Julian: Hinds, M. Am. . Soc. C. E. It began. with an outline of the 
problems encountered ie satisfying | the increasing demands for water in 
Southern California and particularly in the general vicinity of Los Angeles. 
For many years. wells” were found to be adequate; but as the water needs 
ea increased withdrawals exceeded replenishments to such an extent that artesian 


wells ceased to flow and water levels receded. 


Be Twe enty years ago, according to Mr. Weymouth, the City of Los Angeles 
Fe began to feel the inadequacy of its local supplies, with the result that the 
aqueduct tapping the Owens River, | 250 miles north | of the city, was a 


= 


structed. It was designed to deliver about 400 sec- ft. ‘This supply has now 
= entirely absorbed and a new supply must sought. Sif 


That this situation is general was emphasized by Mr. Wey: mouth, as follows: 
“Practically all the othes cities in the district have had similar ‘expe; 
riences. Supplies once thought adequate have been exhausted, or have dwindled, ee 
due to the over-pumping of underground basins. New supplies brought in 


= soon absorbed by the rapidly growing communities. _A point. has been 


At its noarest point, River is 210 Los 
Angeles. The problems attendant upon building» the proposed 


such as to require the co- operation ofa number of cities before the main supply — 
Tine can be built. To this end, the Metropolitan Water District of Southern 
d in 1928 and eleven cities have. entered the Distric 


would still =. 


for the emands, but it avail- 


me Mr. Weymouth d discussed i in general terms the formidable nsélilite _ select- 
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IRRIGATION DIVISION 


“The diversion,” said, “may be made almost anywhere from Bridge 
EJ ~ Canyon to Yuma and from the several most promising intake points there are 
C—C—F—— alternative routes. Choice must be made between comparatively — 
straight and short tunnel lines ; and longer surface conduits, and between pump- 


The basic problem resolves itself into finding: —_—~ 


The line along which an aqueduct may be constructed which will deliver | 
water to the various cities of the District at a minimum cost per acre-foot, 
Keeping mind that the aqueduct must be physically and economically 
feasible. in the solution of this problem, more than sixty-five separate pre- 
liminary aqueduct lines have been projected with various diversion points 


z The shortest and most direct route was: , stated by. Mr. Weymouth to be 


‘obtained by constructing an aqueduct diverting a a point near Yuma, Ariz. | 


Deseribing the advantages of this route, Mr. Weymouth wrote: ‘alla 


“This line contemplates either directly from the 1 river, or 
m low diversion dam at Picacho, a point about 25 Drips north of Yuma. oes 


“At the river the water is ‘elevated to bring it out on 

_ the floor of the Imperial Valley. The principal lift is made at the foot of the 
mountains near Indio, to gain the elevation needed through the San Gorgonio 

Pass. Power for pumping is to be transmitted from Boulder Canyon. —- 
of the low elevation of the water in the river the net pumping, that is, the 

~ total lift less return power, will be greater for this line than for lines diverting : 

% at higher points. | Also, because of the distance of the point of diversion below " 
Boulder Canyon, it is to be expected that present silt conditions will continue 

e for some years, making it necessary to build and temporarily operate a desilting 4 

“These disadvantages are compensated for by a substantial reduction i in the 

PUMPING LINE FROM Bouter ‘Canyon to <laque 


Another ‘Toute ‘is based on a proposal ‘to divert’ directly from the Boulder 


A 
Profits by the increased elevation of the water ‘surface, and by the alk 


ey plete elimination of any trouble from silt in the water. The necessity for long 
et transmission lines is also eliminated. The principal disadvantages of such a 


line are increased and the ruggedness of the area over: it must 


“The selection of the proper height of pump lift is also’ of g great importance. : : 


. ‘A balance must be secured between the cost of power, carrying charges, and the 
a of the community to meet investment costs. This line is longer than — ” 
ee _ any other of the lines shown, but it is not necessarily the least desirable.” ee) 


Gravity Route rrom Bouper C 

as of the proposals d described by Mr. Weymouth was to construct a Fee 


straight- -line tunnel from Boulder to 7 near Monrovia, Ca Calif 
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DIVISION 


route was not attractive, in the: opinion of Mr. esti- 


mated cost was high ‘and the construction might even prove to be impossible. _ 


Me Some of the many suggestions made on the gravity idea, according _ 
Mr. Weymouth, were entirely. out of the realm of present-day possibilities. 
The most nearly feasible of these is to make a diversion at Bridge (Canyon 


at the upper end of the proposed Boulder Canyon Reservoir. In part, Mr 


ae total length as projected is 284 miles, being made up of 231 miles of — 

f grade tunnel, 46 miles of surface conduit, and 7 miles of ‘pressure tunnel. 
The longest tunnel on the line is 104 miles. Many deep shafts are required 

f for its construction. This line has the advantage of delivering water by 

_ gravity at a usable elevation, and it will yield an appreciable block of ‘power — 


at Bridge ‘Canyon. “However, the Bridge Canyon Reservoir capacity is too 


£ 


- small to control the river effectively, and power output would not be as great 
® as the height of dam might indicate. The deep tunnels of this route cannot a 
' entirely avoid passing underneath the débris-filled, water-logged basins of 
aaa inland seas, and serious water troubles are to be anticipated in its” 

"construction. It is doubtful if a location entirely in rock could be secured 
with: h any reasonable tunnel alignment. at betas 


‘There are many possible variations: of the routes described. For example, 
i ‘The gravity routes may be varied_as to location, height of diversion, size 
and shape of conduits, gradients, points of delivery, etc. In the pumping pe 
routes the height of lift i is an additional variable. The lower river diversions 
also involve the possibility of power development at the point of 


The preliminary studies contemplate the use of concrete- ‘lined 


| Describing these > details | further, Mr. Weymouth stated that, Bane) 


7 


die 


a “General y; the tunnels: are planned to run free, following the hydrauli 
Pressure tunnels are proposed only for possible deep river crossings, 
and as an alternative in the case of an all-tunnel gravity route from Boulder | 
surface conduits are to be of the cut-and- -cover type. The 
section at present contemplated i is of modified horse-shoe shape, and is to be 
entirely buried. | Reinforcing i is contemplated only at points requiring Pd 
treatment. For crossing depressions, concrete ane steel well as 


some p 

canal in place of the However, an open 
for the conveyance of domestic water is objectionable, especially through 
Cloudburst a and sand dune areas: where breaks are likely to be frequent. ib: The 
ditch exposes the water to pollution, encourages aquatic growth n 


involves added losses through seepage and sits: 
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inl t Quati ITY or WatTER pint ils diese gobi 

“Weymouth pointed out that various possibilities had been wide ly 
as to the effect of silt, rock salt, ete., on the water to be used for plan 
ae domestic and industrial purposes. . To these questions Mr. Weymouth stated - tributic 

All reports from reliable sources the danger of salt contamination J 

deposits the proposed reservoir area to be negligible * * % 

_ Water from the river is now in use by the City of Yuma, Ariz., various hy alata 
ae Imperial Valley municipalities, and a number of irrigation projects. The ye 
water is believed to be entirely suitable for the uses of the Metropolitan Water en Tee 
District, and better than the supplies many cities.” rag 
af Mr. Weymouth outlined the status of the project as follows: 
“Topography has been taken over ‘approximately 30000 sq. miles of desert 


og ‘and mountain area; various dam sites on the Colorado River have been sur- 
‘é veyed and tested; terminal reservoir possibilities have been investigated; 


- geological conditions over a wide area have been studied in detail; projec- a het 
a tions and estimates for more than sixty-five separate preliminary routes have § a ens 
been made; many data have been gathered on the quality of the water and “Af 
methods of clarification; preliminary plans have been made of many important 
features; and financial problems have been closely studied. ‘years. 


Ramee 4 “Preliminary arrangements for a power contract have been made, assuring _ supplie 


to the District all the power needed for pumping, at a price sufficiently low to § - the fu 


make within 


“In December, 1929, the available , data were laid before a Board of Con- —ieally | 
sulting Engineers, and after due consideration of the then known facts, § ot a 
that Board made definite recommendations as to. the additional data required J Boulde 
before a final selection of route can be made. The additional tests, surveys, level. a8 
and studies requested are being made, and will soon be completed, when ‘the : reserv¢ 
facts” will a again be submitted. It is hoped a final selection of a route can § times ° 

roe agerchione and arrangement for a bond election completed before the end of § on Ww! 
conclusion, it may be stated that every possible effort is reach 


to view the problem i in its broadest and most fundamental aspects. | It would a 
_ be very desirable, if practicable, to eliminate all pumping and otherwise to ei money 
bigs reduce the annual expenditures required after the bonded indebtedness is of pov 


BS retired, and to give to the future a practically free water supply. However, it the op 
would be foolish to. bankrupt the present community in a futile attempt to 
= j “ meet this ideal. % From a purely mathematical point of. view, the best solution “A 
a is that which gives the lowest present value of all combined present and - Shalt 
: ; future expenditures, but the pure economics are upset _ by the legal require § “amour 
a ve re ments of repayment, and by the prospective increase in the financial ability HP po 
of the associated cities of the District as time goes forward. It is this latte 
a i factor that lends favor to the pumping projects, as against the more expensive = ies. 
ss gravity routes. To attempt too great a present burden might create such an Mr. #B 


unfavorable’ condition as cause the growth of population to fall short of 
the present optimistic estimates, thus delaying indefinitely | the development | 
ae needed to use and pay for the aqueduct flow. The aqueduct is to be built not & 
sa for the present, but for the future, and future generations must be willing 

_ to bear whatever part of the burden cannot be borne now. ~The proposed 
aqueduct is not of a transitory nature, like many other public improvements. 
_ but may be expected to endure indefinitely. | ~ Nevertheless, it must be financed | 
under the same schedule of bond repayment other 
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IRRIGATION DIVISION 
improvements. No part. of. the cost of construction — 
for repayment after the full need for the water has developed. — "Therefore, 
if the present cost of the physically most desirable project is prohibitive, 
= _ some compromise plan that can be safely financed must be adopted. If such 
plan requires pumping, then the payment for power will be posterity’ con-- 
ad & fietion to the project. It must be recognized, of course, that the future 
will bring with it new problems, and we have no right to bequeath to coming © - 
generations any unnecessary or impossible burdens. solution must be | Bais) 
- sought which w will be fair and equitable, and practicable in all its phases.” re - 
* ‘REVIEW OF THE PROBLEMS INVOLVED 


By Louis ©. M. Amt. Soc. 0. E. 


A summing up of the salient points in Mr. Weymouth’s paper 


: was the purpose of the ivuedsion by Mr. Hill. In this vein he stated, rss 


“After Mono Basin water has been added to ‘Los Angeles’ present supply 
_ there» will probably be ample water for that city for the next ten to fifteen _ 
years. The other cities included in the District are, however, not so well — 

. supplied, so that even if Boulder Dam be not built, it will be necessary for — 
the future growth | of Southern California to bring ‘water from the Colorado _ 

zs within a few years. No other adequate source exists within a distance ai oll ' 

Colorado River Board has recently raising 

 Boalde Dam about 25 ft., or to a roadway elevation of 1232 ft. above sea _ 

_ level. When completed the dam will be about 715 ft. high and the resulting a Fy 
reservoir will have a capacity of about 30000000 acre-ft., or more than ten © 

| times that of the largest artificial reservoir in the United States. This reser- 

_ voir will reduce the floods in the Colorado from more than 25 000 cu. ft. per sec., 

a or from the flow at Niagara, to about 60000 cu. ft. per sec., and they w ould 
reach this amount only about once in 500 years. 
“Aecording to the Swing- -Johnson Bill, Congress will make available the 

bc money for the construction of Boulder Dam only after contracts for the sale Roe 
ae: power to be generated at the dam shall be signed, which contracts will in 

M the opinion of the Secretary of the Interior repay the United States for its. 

expenditures, together with interest thereon at 4%, in 50 years. jel 

ie ~ “About 1000000 h. p. will be installed capable of delivering to the ite 

- tension lines about 4000000000 kw. of firm energy and nearly half that ’ 


amount of secondary enerey each 10 ot 


Hit Power Required - to ‘Pump Into the Aqueduct. the route beginning 
the aqueduct i is adopted the water must be lifted about 1 ft. according 
To lift ihe 1100 000 acre- eft. over ‘the ‘summit of ‘the aqueduct thi 


would 3 require about 2500 000 000 kw-hr. Hill” gave ‘the total length of 


route as 310 miles, from 80 to 100 miles of tunnels. 
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j 


“The lift is about 1340 ft, or if Picacho! Dam is built about 1300 ft. 
he horse- power and energy required would be about 80% of that required if 
oute No. 2 be adopted. The transmission line would be more than 100 
miles Jonger. However, there are many things besides power consumption | 


and length of line which will finally enter the “equation before final selection 


by ‘the water to be diverted. ‘If dive ersion Boulder 
Dam about 80 000 h. p. _ will be lost, or enough power to lift the aqueduct 


ae Water diverted at Boulder Dam, or from Bulls Head Reservoir, will be 
completely desilted. If diverted below it must be desilted by some means 

a preferably by storage in a re-regulating reservoir. ‘Temporary methods should 

be adopted at least for Picacho Reservoir until the river has had time to 

_ elear itself after which the by-pass may be closed. It would probably require 

_ from 10 to 15 years after Boulder Dam is finished, but the water pumped 
the aqueduct during this be but a small portion of 
i Power could be developed a at. any of the d dams below Boulder Dam. | After 


"suggested sites where by-passes and spillway can be located in rock. _ — 


® “Faults—All routes across the great San Andreas fault, and’ ‘host of the 
“Tf possible all active faults should at 
: provide for possible _ movements along these faults the profile of the 
peat should show quite large drops at each fault—the magnitude of the 
_ probable movement at the fault determining the amount of the drop. Plenty 
be provided. If then movement does occur the result after repairs 
usually be to either increase | or decrease the drop. aidianat 
lines apparently gi o through either Cajon Pass or the 
latter pass, if the line crosses the valley, is the better geologically. Oe Ae 
7 _ “As the author has well stated, the problem is not alone one of picking 
the route which will ultimately deliver water at the least cost per thousand 
"gallons. . The ability of the District to finance the « enterprise enters largely 
bite “A study is possibly being made to determine the cost of first building 
the aqueduct to part capacity and later, when more water is needed, e nlarging 
it to full capacity or of building another aqueduct. 
“The greater cost of such a course would possibly be offset by the saving 
jg teeta and depreciation, augmented by the better financial set-up espe- 
- cially as posterity would then have to bear its share of the burden. Shot: wh 
—_ “Storage.—Again, since the Los Angeles Aqueduct and all proposed lines 
from the Colorado River cross the great San Andreas fault as well as several 
—— Tesser ones and since a major movement along any one of these faults ‘might 
Me: put the aqueduct out of commission for at least three months, there should 
"therefore be sufficient storage provided (in addition to such seasonal storage 
for as is necessary ) rer, or to the 
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taking was emphasized by Richard R. Lyman, 


Thy 


expressed di doubts as to whether the Engineering Profession given co1 


or sideration to a more difficult problem, 1, and took occasion to compliment those _ 
who | are connected with it. yout Ho Tid 


Several significant “aspects of. the Colorado enterprise were 
emphasized by Franklin Thomas, M. ‘Soe. C. E. One was the fact that 
ae ‘the project is bringing together a number of communities for the solution of a 


common problem. other i is that, although the City of Los Angeles could 
: have built the aqueduct for its Gis consumption, it was shane to share the 


Ny benefits with the satellite communities hd 


abor 
“Some of the smaller cities and within the Metro-_ 
i< -politan Water District are faced with a continually receding water-basin 
ae level. It is estimated by the Division of Water Rights of the State of Cali- * 
fornia that this total prospective metropolitan water area now is overdrawing 
the available supplies of water to the extent of 260 cu. ft. per sec., continually. — 
- This overdraft is anticipated to reach 600 sec-ft. in about ten years, and, by . 
1956, would aggregate, according to present trends, an overdraft equal to ‘the | 


present, the Wate District eleven 
Professor ‘Thomas expressed the hope that ultimately the entire area and 
all the communities within the region south of the San Gabriel ‘Mountains 
and west of the San Gorgonio Divide would share i in the costs and benefits. bbe 


ist 


a. Commenting further on the seriousness of the situation, Professor ‘Thomas 


ae a number of these communities the ground- water levels are ‘receding 


at about the rate of 1 ft. per month. This, of course, is really a critical con- 
_ dition. It is not known just where the limit may be reached, and with © 
reference to the communities nearer the shore line, it is a question as to when — 
- there will be a reversal of flow, or a landward movement of sea water. . 
is hoped that when that newly imported supply is brought in, 7 a 
eonditions will improve by a series of full years of that 


worst catastrophe may be averted.” 


CORR OF THE RODRIGUEZ DA 
4, ON ‘THE TIJUANA RIVER, MEXICO 


By Cuarues P. M. Am. Soc. C. E. 
a This pa paper contains account of the design, and construction of the 
nt foundation structure for the Rodriguez Dam which | is at present being built 


on the Tijuana River at Baja California, Mexico. _ ‘As described by Mr. 


Ts the storage and. diversion of. the 5 000 
acres in the Tijuana Valley in Mexico, and for domestic supply for the ae 
municipality of “Tijuana now having a population of 10000. 


ts “The drainage basin of the “Tijuana River, which lies partly i in Baja Cali- 
fornia and partly in San Diego County, California, has an area of 1670 sq. 
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miles,” which : is that of any her of ine 
and west of the Colorado River; it nearly equals the total area of the drainage 7 
: Basin of all other streams in San Diego County. The stream has two prin- f 
cipal branches, upon the larger and more southerly of which the Rodriguez 4 
Dam i is being constructed. — The area of the drainage basin above the Rodriguez 2 


supply is dependent upon t the ‘storage: of waters. Quoting 


be expected, and consequently large carry-over i is necessary. 
order to furnish a sufficient irrigation and municipal supply from Rodriguez 4 
~ Reservoir, a capacity of about 110000 acre-ft. will be necessary, requiring a 4 


Be maximum reservoir water surface about 180 ft. above stream bed. Pai ay mA 


is estimated that a flood of 150000 sec-ft. is ‘possible. iit) 


a: “The Rodriguez site is in a gorge, having at its most narrow section, a 7 
_ width, at stream bed, of about 100 ft., and at 130 ft. above stream bed, a width 
of about 750 Beyond this, on "either side, the gorge is flanked 
oh abo and by gentle slopes, which, immediately adjacent to the site, rise 
. - to 200 ft. or more above stream bed. The saddle on the westerly side is to be ? 
in the construction of the spillway. 
3 _ Rock outcrops throughout a considerable portion of the ‘site , the rock: 
“of the canyon walls at the gorge, that of the western slope, and that of a 
Bay ~ portion of the eastern slope being rhyolite, while that of the easterly portion 7 
of the eastern slope is granite. The rock is fused at the contact between — 
. 2 granite and the rhyolite, showing the former to be the older rock, and 
indicating that no great leakage from the reservoir may be expected along 
contact. surface rock of the walle, in the most narrow 


“The test. pits ‘indicated that, on the side. hills, suitable rock for Scie 
Ss a be secured, ordinarily, with comparatively shallow excavation. At ie 
site of the east wing of the dam, for a distance of about 500 ft., eaiteble 
rock was found at depths ranging from 15 to 25 ft., while at the site of the 
_ proposed spillway, on the west side of the river, the depth for about 100 ft. 
was from 15 to 40 ft. Five of the nine borings | in the stream bed indicated 
rock at depths not exceeding 50 From m four. of the borings, 
“no cores could be obtained, the borings being made bap Bigg a chopping bit. 
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tegrated. O 
ally pad y weathered, and in some portions considerably disintegrated. On 
either side of the canyon, are a number of cleavage planes, which dip toward oo 
materials Irom the other two gave considerable evidence of dis- 


who first the site, to Mr. _ Wittens, 
that it would be suitable for a concrete dam, except that he ‘considered, an 
1 and roek-fill dam to be best. for the saddle on: the eastern: bank. 


vt Seeni is of the “Ambursen type. Its maximum height will be 187. ft. 

z shave: stream bed and about 240: ft. above the lowest foundation bed-rock. 
The length of crest will be about 2000 ft. _ For the central portion of the — 

‘| dam and for the west wing, the spacing of buttresses is 22 ft. center to 

_ center. The buttresses for the central portion and the west wing vary in 

thickness from 19 in. at their thinnest section, to 66 in. at 200 ft. below the 

— erest. _ The thickness of deck varies from 25 in. at 15 ft. below the crest to 


ft. sliding sluice-gate, operated is an hydraulic cylinder. service “4 

: _ works will consist of two 30-in. cast-iron pipes, at an elevation about 33 ft. a 

o: above stream bed, in each of which will be installed one 30 by 24-in. Johnson Pa 
and two 30-in. emergency -gate- -valves. The discharge will be 


spillway, which will be in the west wing of the ‘will be con- 
‘trolled by nine 30 by 30-ft. structural steel gates on caterpillar bearings. 
With elevation of water surface 63 ft. below the crest spill 
will have an estimated capacity 000 s 
nal Ning 
In September, 1929, consultants were called to consider the factors affect- ne 
ee ing the ‘suitability | of the site for the type of dam proposed. — “The problems a 


be considered, ” said Mr. ‘Williams, 


 oW. ere the "possibility of excessive leakage from the reservoir, the prac- 
ticability of obtaining adequate foundation for the dam, the probable depth 

and extent of cut-off wall required, and the possible danger of future samic 

disturbance. The Consulting Geologist, Dr. F. L. Ransome, reported that: 


The site chosen for the Rodriguez Dam although in most re respects ae 
factory, has one grave fault; the river at the site follows a fault zone. Sadi 
aye fault is apparently ‘not active and has not moved appreciably for 100 Sool 
or more. There is no certainty that it may not move in 

is 

mov is mms e pap, iad 


is objectionable and although the possibility of future movement on the fault _ 

- eannot be wholly disregarded, I do not consider that the risk is so great as to ~~ 
justify condemnation of the site, on which work is now far advanced. With Re 
- full realization of. the geological conditions the engineers can take such pre- 

—- Gautions as will make the chances of failure small, although they a 
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Although not with absolute surety, it can be stated, in conclusion, that 
been discovered in the river bed are not caused by modern 
— 


> 


4 show the in the main fault zone and in 
= stream faulted area. In analyzing 1 the findings, Mr. Williams stated that 


“The bearing power of the rock in the stream bed differs inti in 
ferent parts of the foundation area. Four of the buttresses, if founded on 
the natural material, would rest for a portion of their lengths upon material — 
of relatively poor bearing power. The easterly two of the four would be — 


founded for a portion of their lengths eit the material of the main 7 


buttresses by a ‘structure of a type such chit the loads frei the weaker por- 

tions of the foundation area would be transferred to those portions is 

The design finally chosen was an Ambursen type of dam especially adapted 


toa foundation of variable strength. For this purpose, according to Mr. — . 


Williams, a voussoir concrete arch was constructed which was continuous 
the up-stream cut- off wall to the toe of the dam. The extrados was: 


curv ved and the base was flat, resting on the natural material. In this way = 
De ‘the pressures will be directed toward the most suitable parts of the dam site, 


relieving the less suitable’ parts. Thus, said Mr. Williams: bad 6 


“The arch i is designed to carry the full superimposed che It is expected, 


however, that a considerable part of the load will be supported through the =. 
x sub-intradosal concrete by the natural material in the stream bed. | - Where, ‘ 


~ however, such material has not supporting power sufficient for the entire load, + 


and there is incipient settlement, a portion of the load will be taken by the 
arch, thus relieving the natural material of such portion of the load as may : 


ote 
necessary to revent further 
a The paper deseribed the elaborate preparation of the foundation before 
constructing the arch. This involved cut-off trenches stream bed, 
a concrete mat, and key- ways to prevent sliding 


nf Provisions are being made to study the water pressures that develop under 4 
a the foundation. Thirty- -five 4-in. galvanized pipes leading vertically from the = ’ 


bottom up to observation platforms above high w water, will m nake it pos- 


sible to read the elevation of the water in the riser pipes. 


Mr. Williams described briefly the ‘method of designing the arch | barrel. 
= ‘The working loads adopted were: For maximum ‘compression, 700 Ib. per 


sq. ‘in, , and for maximum tension, , 50 lb. per sq. in. _ The final designs indi- 
eated no tension in any arch section and, therefore, 1 no reinforcement was used. 


The design of the transition structure between flexible arch barrel 


and the rigid cut-off wall, according t to Mr. Williams, 4 


- “Qonsists of a massive block of concrete, having a vertical depth ranging — 
from 40 to 50 ft. and ‘spanning the entire stream bed. The block bea nl 
the cut- -off wall and is tied by steel reinforcement to the arch barrel. The 
bottom of the block is reinforced longitudinally with three layers” vi 13- -in. 
square steel bars, spaced 12 in., center to center, to resist possible tension 
due to banding in areas where the natural foundation has insufficient support- 
ing power. It is reinforced at its easterly end by seven courses of 1-in. _ 
_ square, diagonal tension bars, spaced 24 in., center to center, to aid in carry- 


ng the load at the fault to the solid rock on the eastern bank. It is also 


for diagonal tension due to its bupport, by cut- “off wall. 
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head the sluice-ways, which are ‘to occupy the three above 
central portion of the arch barrel, it was considered to surround 
tts gate openings by massive concrete. At the same time it was necessary 
to provide for flexibility sufficient to permit arch deflection. To accomplish __ 
this the massive concrete of the sluice-way installation is to be constructed — 
in blocks, a coating of mastic being used between the blocks and the but- > 
_ tresses, the blocks and the arch, and between the | Opyer and lower blocks.” oan 


bs Referring t to the extension of the cut -off wall t ‘toa 1 gr reat t depth | at the fault 


“When the fault i in the stream ics was Bitotmalt, it was realized that it 


o would be necessary to carry the cut-off wall at the fault to a great depth. yy 
_ There was considerable doubt, however, regarding the depth to which it would 
be necessary to construct the wall in the western portion of the stream bed. © oe 
- Excavation of the cut-off trench was begun in open cut and was carried by | J Pa 
- this method to a depth of from 26 to 33 ft. below the original | rock surface, | 
- corresponding to depths of from 66 to 72 ft. below | stream bed. The — 7 


4. 


“When these depths had been reached, ‘maintaining | the open cut. had be- 
- come so difficult that a change of method was necessary ‘and it was decided to ian 
- continue the excavation through shafts. The trench was filled with concrete, 
in which were constructed ten shafts through which the excavation and 
placing of concrete have been continued. | The walls of the shafts have been 
ey throughout the zone of inferior rock and wall into the solid rock 


on either side. Stop- water key-ways are being constructed in the walls, and, an 


excavation has" been completed, the shafts will be filled with concrete. 


In his discussion, Mr Finkle outlined | the result of of this 
‘site ‘made about thirty- five. “years § ago, in which the conclusion of the A 
“sulting geologist Ww yas ‘an, earth, dam ‘would be the proper : structure. 
Reviewing the evidence, and giving to Mr. Williams and his Consultant ‘fall 
eredit: for precautions taken to avoid structural weaknesses, Mr. ‘Finkle still. 
adhered to the belief that the earth dam would have been the most suitable. - 
At the. time ‘mentioned, the consulting geologist reported that this 
lies within a a ‘complex geological zone. The main shear fault was 
Pacific Ocean between the mainland and. Coronado’ Island. . The crack 
existing at the Rodriguez Dam site, according to Mr. Finkle, i is one of several | i. 
that are caused by unequal pressure in the movement along. the main ‘shear 
faults. There is no evidence of movement along this crack i in recent times 


= to Mr. Finkle, but i in the event of such movement inthe future, a 
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of © Am. Soo. ©. E. of 
Francis J. O’Hara, M. Am. Soc. C. ‘read the paper by Mr. Cragin 


entitled, ‘ “The Development of Hydro- Electric Power as an Aid ‘to Irrigation, 
Both in Connection with Storage of Water i in the Mountains and susie 


of W. ater in the .e Valleys. theta 
In an irrigation project, , the availability of an acre-foot of water may 
‘mean success to t the farmer’s agricultural operations; or, on the other ha nd, 
the lack of it may mean failure, according to Mr. Cragin. He emphasized the 
potential danger in developing power from water: intended primarily for 
irrigation purposes, must be accepted as a fundamental principle”, he 


said, “that power - development i in connection with an irrigation project is only 


- justifie when there is little | or ‘no interference with the irrigation system.” 


energy. This is a highly specialized industry and requires the services of a 

: force of specialists entirely foreign to the activities encountered in an irriga- 
tion enterprise. To a public utility or a power company operating independ- 
ently on a fairly large scale (in which case there would be ample assurance 
3 an adequate stand-by service) a development: which might reasonably be 
ths to show a profit of from 8 to 10% on the investment would be con- 
aa a favorable undertaking. The same physical conditions and the same 
= eo gol made ‘thereunder by an irrigation project might be a very 
- doubtful investment. A much larger profit on the increment investment 

_ should be the minimum set for the same development by the irrigation project. 
fie “ost irrigation enterprises are developed to the maximum extent econom- 
icaliy feasible at the ‘moment, with or without provision for future expansion, J 

depending on local conditions. _ Financing is frequently difficult and the 

expenditure required ‘per acre of land benefited sometimes approaches the 
allowable limit. To saddle such an enterprise with the risk of power develop- 
& likely, during water shortage or other pericds of stress, to become a 
burden to land already heavily taxed, might, if made with only the ordinary 
margin of profit, easily place the financial affairs of the entire irrigation 


in serious jeopardy and cause many ir individuals Is to lose: their 


development’ may only advisable when margin of “profit. 


AMIS 


_ assured i is greatly i in excess sof that required i in an ee svete 
“ment. One method suggested by Mr. Cragin was, sin 


Bey. = “In projects with only a reasonable margin of profit, the element of r isk 
may often | ba shifted to other : shoulders by leasing or selling the power privi- 
—— leges under appropriate contract which will assure freedom from interference 


with the water supply or operation of the irrigation system, and provide power 
for project needs under favorable terms” 


Gen. Mer. and Chf. Engr., Salt River Valley Water Users Assoc., 
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with irrigation works may range all the way from the use of power for con- Z 


From these Mr. Cragin that, 


unusual, circumstances will an irrigation. project be in engaging in 
Opportunities for hydro- -electric _ development ‘in connection with irriga- 


tion projects have been found | surprisingly few. According t to Mr. Cragin, ad 


Out of ‘the. twenty- -eight of the U. S. of 
mation now operating, on which there are forty-two storage dams, hydro- 

_ power has been developed on only twelve. On three of these ioe 
_ developments are of small capacity only—less than 200 kv-a.—so that there are 


Salt River Project faces almost ‘every condition that can arise in 
connection with a | proposed hydro- electric development... Mr. Cragin 


"generating capacity of 103 000 hp. The project is an 


and sé serves water to 250 000 acres of project land and 


In the opinion of Mr. Cragin, when power is is to be developed i in — 
irrigation its use ‘and marketability are best adapted to sale in large 


blo cks, especially for irrigation pumping, | industrial purposes, for ‘sale to 


pu ublie utilities that distribute power at retail, “Another use of power is 


gt construction work done in connection with ‘the irtigation project. . In brief 


fa. using the Salt Rive er Project for illustration purposes, Mr. Cragin i that: 


“Benefits to be from electric in connectio 


struction and other project purposes to the development of power as a com-— 
rf, mercial proposition independent of irrigation works, but providing incidental 
_ irrigation benefits in the form of better water service and permitting the — 


hel The development of the power system on the Salt River Project ‘was sum- 

marized. Mr. Cragin, as follows: Bars death Un 


“The first. power developed use in ‘construction. With the 
completion of the permanent Roosevelt plant, however, capacity was 
i c adequate to supply current in bulk to a local public utility « company for general 7 
retail distribution. The original South Consolidated Power Plant and the 
Falls Power Plant were installed at drops on the main canals, with 
the Arizona Cross Cut Power Plant, total 10000 h.p., to meet the 
ep demand for power from the project system. These developments were financed 7 
Me by direct assessments. The Chandler Power Plant, a 600-kw. installation made 
Sr in 1919, was financed by the Magma Copper Company, u ander a contract 
Se Ww hereby that company agreed to take the entire output of the plant. In 1920, 
= the combined generating capacity of the Roosevelt plant and the four valley 
“A plants was 20000 h.p. and the investment of the Association in the power — 
system was $4.500000. The growth of the power demand in the meantime 
pe had been such that the Association was faced with the problem of installing — 
capacity to take eare of the market or leaving the 

 fiel 


es 

in 
on, 

ely 

cal 
fa 6 

id- 

be § 
m- 
me 
nt 
nt 
ct. 
m- 

he § 
he 

ry 
> 
on 
fit 
p- 

ks 
sk 
Ne a 
ce = 
re) 
[ 


the An exhaustive investigation and study of all the conditions 


was completed and embraced in a comprehensive report in February, 1922. RESIS 


“The total yearly power consumption of the State at that time was 
500 000 000 kw-hr., of which 400 000 000 kw-hr. was located within a radius of 
a 100 miles of the project plants ; more than one-half of these being in reach of 
existing transmission lines. Most of this load was generated by steam at crete 
approximating 1 cent. per kw-hr. It was shown to be possible by installation 
ssf. :15-ft. gates in the Roosevelt spillways, and by the construction of three | 
= dams on the Salt River below Roosevelt, to make available a net head of 729 ft. by 
out of a total of 832 between the top of the gates at Roosevelt and the crest 
7% of Granite Reef diversion dam. . The increased | generating capacity found to 
i be economically feasible we as 85000 h.p., which was susceptible of immediate _ 
absorption by the then existing market. The sites along the entire Salt River — 
had been reserved for the benefit of the Salt River Project by the ‘Becretary — 
of the Interior in 1903, but it was obvious that in the event that the Associa- | 
tion failed to avail itself of those sites and to develop their potentialities it 
could not reasonably be expected that they would not eventually be awarded 
to some one able and willing to develop them. This, was | the logical source 4 


, ‘power ‘business on a fairly large scale, the protection of its ‘existing $4 500 000 "4 
‘ investment made the further expansion of this activity a necessity, in addition — 
_ to its advisability from the standpoint of a profitable undertaking. The con- 


struction period extended over seven years, from 1923 to March, 1930. The > z . 


< increased storage facilities provided by the three dams in connection with the sf 

i: --15-ft. gates at Roosevelt, mounted to 648 000 acre-ft., bringing the gross stor- 
Bs age on Salt River to 2015000 acre-ft. “While this additional storage was | 

ars created solely for power purposes, and while the hydrographic records of _ 
- River indicated that its development would not have been warranted by the 

cat irrigation benefits alone; yet it is nevertheless true that this additional water _ 

would be available in unusual periods of drouth, if needed, to increase the , 

irrigation supply for the project lands. 

: ©The main benefit of this development, however, is to be measured in actual 
dollars and cents. Disregarding the loss which might have been sustained had | 

the Association failed to make this investment, Lesahisen’ it to be made by Awa 


This income is 
to pay all project indebtedness, all operation and maintenance costs, and to 
leave a substantial surplus besides. _ In comparison with the agricultural part — # 
this enterprise, the anticipated annual power income approximates 
- $7.00 for each acre of land, a cash crop available whether or not the land itself — 
is cultivated. During the past nine years of drouth and during the period of : 

- development 1 the net profit has averaged more than $600 000 per year, or ‘$2. 62. 
per acre per year. These profits and estimated future profits are based on the 
additional costs and investment incident to the production of power and 
not include any portion of the original investment in Roosevelt Da, or the” 

canal system, except actual power structure and equipment, = 
“In the last analysis the benefits accruing to any irrigation enterprise 
from power developed in connection therewith could probably be reduced 

ent of dollars and cents, even as the benefits from the irrigation develop- 

i =~ itself. _ In the case of the Salt River project, the cost of works installed — ; 

_ for irrigation purposes and which would have been ne ecessary therefor v with or 

‘without the power to irrigation, even though er 
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at Roosevelt Dam, would have been entirely infeasible without’ the. irrigation 
features of the installation. Similarly, the entire cost. of works installed for — 
_ power purposes, such as the Mormon Flat Dam, are charged to power even 
- though an incidental irrigation benefit is derived such as, in this case, the 
development of a water supply for 10000 additional acres of land. 
“The actual investment on the Salt River project for all project works is 
approximately $29 000 000, although the replacement value would greatly 
exceed this amount. — Considered as a power project alone, the revenues from ~ 
: - this development, at 6%, would pay interest on an investment of $37 000 000. 6 
~The actual — amount of the investment charged to power, however, is _ 


Lok 


+ 3-—Tf such a margin of profit is not available, power rights should be 
sold to produce power at cost of steam or competing power, j= = | 
™ —Only in rare instances, under favorable conditions, should power be | 
_ “5.—Great benefit accrues to most reared from availability of power at 
low, increment cost for drainage and supplemental irrigation pumping, or both. 
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he concl sions reached by Mr. Cragin « can, in the opinion of Mr. Meikle, — 


i applied i in general to the irrigation districts i in the Northern San Joaquin 


Valley. . The total installed capacity on the Stanislaus Tuolumne, and Merced — sd 


Rivers in this ‘region was given as 120000 h.p. and the yearly output about 


I 


4 h 1owever, and that in respect to 


Cragin’s assertion ‘that a greater margin of profit is “necessary 


_ irrigation project in the development of hydro-electric power than in the. ordi-— 


‘Tex 


a An ideal use of ‘power in connection with irrigation is that fret the is 
for ‘drainage. “According to. Mr. Meikle, 


“Drainage in some districts has been a problem almost as epee i 
irrigation” and the solution of this problem in the Northern San ee 


_ Valley, as in the Salt River Project, was found in the operation of deep- well : 7 : 


__ turbine pumps electrically operated. This plan of drainage in connection with 
‘Irrigation power development has improved the output characteristics of the 
- generating plant by providing an ideal power load and by furnishing — 
me an irrigation supply which to a certain extent relieves the draft on the storage : 
, Turlock Irrig. Dist., Turlock, ome. 
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“The power by irrigation storage may be considered 
as a by-product if the district depends solely upon this source of power. How- 
ever, a district may be in a position to provide additional storage and auxiliary 
_ hydro-plants with steam, or Diesel stand- ‘by plants and after-bay regulation, 
_ with the result that a block of firm power is generated. This full development — 
_ would make distribution of power by the district possible, or, if sold to the 


“ two or three times as great as the price paid for seasonal power or dump power. 
— is probable that the question of power distribution by irrigation districts 
_ will not be of great importance in future storage development due partly to 
the inability of districts to finance such an expensive and difficult undertaking, 

7 Be principally due to the fact that the power companies are co-operating — 


ict projects, but in the planning of new ones. 3 


“Power development in Northern San Joaquin Valley in connection with 
“irrigation. storage has been in operation for several years und 
for the disposal of the electrical « energy produce 


et Mr. ‘Meikle then proceeded to describe the methods of handling the power 
output of the Stanislaus River Malones Project, the Merced River Exchequer 
‘Project, and the River Don Pedro Project. 


Statistics, re relating to the o cost of power in the Turlock District, were given 
Mr. Meikle, as follo 


Average revenue per kilowatt- hour, w 
Average cost per kilowatt-hour, wholesale. . 
Kilowatt- hours, t customer’s me meter "dollar 
invested ....... 
revenue per dollar invested... 
Investment per kilowatt of installed capacity. . "9026.0 00 
Average consumption domestic ¢ consumer. 490 kw-hr.” 


the pi purposes of this tabulation ; none. of the costs of the Don Pedro 
Project was charged against irrigation. 


coneluding his remarks on this subject, Mr Meikle 


Mc 
Modesto Districts in connection with these districts now 
receive their irrigation storage water without cost; the residents of the districts: 
are f 


000 in 1929; and, 
revenue of 3. 6% on the total power investment. share 
ae the benefits derived from this project are thus passed directly to the people of cd 

the districts. | Lowering power rates for certain classes of service stimulates 

sc consumption and increases net income under these conditions. —— 


EXAMPLES OF POWER DEVELOPMENT ON 


examples of ‘power administration were cited by Mr. Swendsen. The 


_ development of the Bear River Valley i in Southeastern 1 Idaho was one of these. ae 


Chf. Engr. and Fresno Irrig. Dist., Fresno, Calif, 


inder various’ plans" 


tot 
stor 
men 
— 
byd 
dat 
babe _tomer’s irri 
— i 
Qu 
— 
— 
tm 
ver, 
n 
the 
— 
4 


a "storage of 000° acre- e-ft. in 
development of a long interstate river. . After « a few years of investigation, the 
entire project was taken over by a power company. That is an example of 
where the power company did it all. It dev eloped the storage of Bear Lake | 
to the extent contemplated by the R eclamation Service. Then, as things 
turned out, the people of the Bear River Valley got the full benefit it of that — 


for nothing; they did 1 not spend a dollar on 


Another example by Mr. Swendsen was in connection with the 
Snake River Project in Idaho. This river is now reported to be 100% con-- 


trolled as a result of the whole-hearted .co- o-operation | of the Federal 


the State, the irrigation interests, , and the power company. 


of the southern part of San Joaquin Valley was an another example s 
by Mr. Swendsen n. TI The pumping equipment it in the F resno, Alta, and Consoli- 
a dated Districts v was said wah him to equal between. 9 000 and 10 000 plants on an ia @ 

_ One important point stressed by Mr. . Swendsen _ 
was his belief that the State should guard its rights to establish storage reser- % 


voirs - the higher sites ‘that 2 are now i im many cases being | established as 

4; 


wt 


= ‘The high cost of fuel affects the feasibility” of developing power on an 7 


irrigation project, in the opinion of A. H. Markwart, M. ‘Am. Soe. 


ote The value of irrigation power is the value of the fuel saved in ‘eatin 
steam plants. That comes because practically every irrigation power develop- 
- ment requires a kilowatt of steam for a kilowatt, of hydro, owing to the general - Z 
rule set that irrigation draft shall govern. * * * If fuel is high, naturally © 
— the irrigation development will have a very fine opportunity, because the only — 
_ possible charge against the hydro would be the installed capacity in the pen- 
_ stocks and perhaps short conduits, if any. _ The remainder of the development, _ 
' the dam and reservoir, etc., will all be necessary to the irrigation development, va . 
ee anyway. Consequently, if the capital charge is low on the irrigation power in a j 
‘ee development and the fuel is high, of course, the place for irrigation power is — 
very good. In general, the best system to absorb irrigation power, is a regional 
system, one that has a relatively high annual load factor. 4 In other words, 
: & such systems as are found in the Southern California area. A load factor of 
_ perhaps 44% would not be very helpfui in the absorption of irrigation power. se 
- One of the troubles that irrigation power is going to suffer in this — a 
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‘SOUTHERN PACIFIC COMPANYS 


KIKBRIDE,* Am. Soc. GE 


‘struction across Suisun Calif. is designed to take the place of train-— 

ferry” operations across Carquinez Straits between Benicia and Port Costa. ‘a 

In addition to the main bridge, the job includes other steel —_ structures _ 


The bridging of Suisun or Straits has long been 


_ Army Point-Suisun Point alignment was considered by railroad officers. eg 
a prominent bridge company was requested to make studies, and following y 
m this, in 1904, during the time. of the late E. H. Harriman, the then Chief 
Engineer, William Hood, prepared plans for a bridge crossing to replace the 
“Sundry locations were investigated, including the line up stream from 
the Army Point-Suisun Point alignment, several in the vicinity of "Benicia 
and Port Costa and others as far west as Vallejo Junction. 3 
“A series of test piles were driven across the Bay which showed the btm 
to be of soft material, great depth to hard-pan and rock strata, and, of course, — 
“no knowledge as to ‘the exact character of the bed-rock so developed. 20 ies 


was by the War Department and project was for 


being ; subsequently, the studies continued, a crossing near 
ne, 


but this route was rejected.” 


"he 1927, traffic ‘conditions we were e such t that the two existing car- -ferries would x 
- have to be replaced by three new ones, or a new bridge would have to be built. ea 


4} The latter expedient was found to be the most economical , and a location was 
<i, 


mh chosen between Army Point on the north shore of Suisun Bay and Suisun or 


Geologists examining this site, to quote Mr. Kirkbride, 


“Reported the existence of two well faults extending 
arallel to each other in a northwesterly and southeasterly direction; one (the ae 

of the bridge passing» under the lanes 
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Benicia and Port Costa, and the other (the ‘Green V Valley’) east of the 
These fault lines are 5 to6 miles apart. = 
the Martinez hills there are various fault lines in angular 
he major faults, The of the: strata showed a a reversal of direction, piers 
indicating a of the earth’ 8 crust, posal in extent, and the development 
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Map SHowING LocaTION oF SuisUN BAY BRIDGE, being ¢ 
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There was a question as. to to whether one of these fault lines passed under 

re er 


bridge. The true direction was" hidden by the sediment i in the Bay. The at the t 
- geologists differed as to ‘this point, according to Mr. ‘Kirkbride, but all pom fm likened 


that the fault was not active and that any future movement would be nominal ® througl 


pry 

mud. 
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SUISUN Bay PRmpDGE: CROSS-SECTION OF BAY ON LINE OF In 


Nevertheless, the bridge. piers | and superstructure were alike | to to ‘dire 
‘resist vibration. Accordingly, the piers were planned with their 
song 
centers of gravity as low : as possible. Concrete was specified with compressive tration 


; strength of 25 500 Ib. per sq. ‘in. and. a tensile strength of 400 Ib. per sq. in. at the up sam 
end of 28 days. The steel reinforcement apecitied was, 30 Ib. per cu. yd. of =e 

ni 


eonerete, placed so as to withstand a accelerations of 5 ft. per ‘sec. ‘per § sec, This 


a is twice the intensity 0: of the San Francisco earthquake in 1908, and one ani the bri 


te one- “half times the intensity of the Japanese earthquake i in 1923 eo ae has bee 
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ridge. 


Continuing i in the of Mr. Kirkbride, 

“The superstructure was designed to resist st similar shocks. The tops 
piers were widened and the bases of the steel bridge seats were notched. into, — i 
the concrete to prevent the spans from being pulled off their piers. duds baad. 


“In designing a pier structure of this kind to resist earthquake 


§ a quick reduction from a large mass toa smaller mass is a source of Wtblinbes, 
Likewise, a construction joint is undesirable; monolithic construction is 


essential. To secure this, as between caisson and pier shaft, and to oe 
the difference of inertia of the two different masses, reinforcing rods extend — 
j upward from the outer walls of the caisson, pass through the Gutstinting: 
block, curving inward and upward into the pier shaft.” eres 


rhe -W ater piers were the most difficult to construct. This work was 


describe by’ fr. Kirkbride, as fo hag ax, 


“The oy of water prevented open coffer-dam work or the use of the 
ieoxnatie process—and it _was proposed to sink caissons by the open- -well i. 
dredging method. The depth of water (a maximum tidal fluctuation of about — 

10 ft.), the swiftness of the current during the winter floods and at rip tide, 

and the softness of the underlying g bay d 

©The Contractors, Siems, Helmers, and Schaffner, of Paul, Minn. 

to whom was awarded the foundation contract, in submitting their bid, | pro- 
posed a very unique method of sinking these’ deep- -water caissons, which is. 

_ “The accepted construction involved, first, “the driving of piles to lie 
an octagonal-shaped platform. Upon this platform eight steel-gallows frames _ 
were erected containing winches with cables passing over sheave-wheels set _ 
at the top of the tower. By means of this apparatus a steel shell that might a 
likened to a bottomless oil tank 81 ft. in diameter, was erected and lowered 


sind the water into the mud, which it penetrates to es of 15 to 80 ft., Bs: 


“This shell is built up of eircular sections, 10 ft. in height, which are 
bolted together, permitting later removal, except that portion which is in the | 


Reis > steel shell rises above high water and is filled in with suitable ea 


Ww hen the ¢ caisson has been sunk to bed- rock 80 that most of the overlying — 


material has been removed, a deep- sea div er is sent down to explore the actual 


found compacted under the partition walls and banked up against the cutting- 
edge. By means of. the information thus furnished the Contractor is ce 
to direct his jetting operations until by successive examinations the founda- 
tion area is reported satisfactory and in a clean condition. 
_ “The diver has been able to render accurate information as to the a 
tration of the cutting-edge into the foundation rock and in each case brings — 
up samples of the rock encountered. We believe this is the first time a deep-— 
sea diver has been used at such great depth of water in open caisson work. It aS 
_ has enabled the railroad engineers to verify the diamond drill borings and to 
; know definitely the nature of the bed-rock formation and to be assured dl 
the bridge piers are actually resting directly — the rock, that full — 
been secured, and an interlocked connection 
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to Mr. Kirkbride’s description of the 
poured ‘through a 12-i -in. tremie pipe, ‘sometimes as as” 150 ft. Test 


showed that the ¢ concrete in place was of OF at 

the completed pier, Mr. Kirkbridge states, a. mort 
all cases the piers have landed on bed- rock with but slight variation 
from the true center and inclination from the vertical. For instance , the 
- caisson of the deepest pier, No. 13, is off from true orientation by a southerly 
7 departure | of 0.73 ft. and an easterly departure of 0.89 ft., the inclination from 
vertical being 0.75 ft. in a height 
as. course, even this slight error is not carried upward, as forma of the pier 

shaft are set to instrumental exactness. 
= “Pier No. 12 may be used to ‘illustrate the most accurate condition of 
' aa placing. In this case the caisson departed from true orientation to the amount 
: of 0.2 ft. northerly and 0.3 ft. westerly ; the inclination from true vertical 
= being 0.14 ft. in 86.4 ft., equivalent to a batter of 1 in 600.” 


Bs _The length of the bridge between abutments was stated by Mr. Kirkbride 


= 4 to be 5 603.5 ft. Of this distance, 4 050 ft. across the ‘Bay i is navigable, with a 


4 ba clearance above mean higher high water of 70 ft. One 2 328-ft. vertical lift span 
provides a clearance of 135 ft. above mean higher high water. 
% a af ‘The n main characteristics of the. superstructure, according to Mr. Kirkbride, | 

“The superstructure consists of seven through truss spans of 526 ft. length 

- (the distance between piers being 531 ft.), one vertical lift span, 328 ft. long; 

one deck span of 504 ft. length, a deck span, 264 ft. in length, and a viaduct 

; ees approach on the south end of five 8- ft. girders and four 40-ft. tower girders; 


ne 100-ft. girder and three 40-ft. 


\ 
“Truss lengths of 526 ft. do not represent ‘an economical design, 
~ balancing cost of superstructure against cost of substructure. The economical 
_ span of length is somewhere between 400 and 425 ft., but navigation interests 
are better served by a span of 526 ft. primarily to permit the passage of long 
barge tows without ‘side-swiping’ of piers. . After conference with the engineers 
Ta the 526- ength was agreed 


+ 


or ‘at t both or of the concentrated system. tee 
a _ “For maximum stresses caused by the live load and by centrifugal faroegy 
Waer both tracks are assumed to be simultaneously loaded, except that 90% of the © 
live load is used. This represents 5 times the loads ‘now actually running on 


“Silicon steel will be used for the principal members fabricated from shapes, — 
and carbon steel aod the remainder, except oe the tension bars in | the — 
= 


The concrete work that followed 
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J chord, consisting of I- bars, will be heat-treated. The total —_ew ot the | 
- structural steel is 25 000000 Ib. of silicon steel, 55 500 000 lb. of he uel 
-bars, and 13 500 000 lb. of carbon steel. 

a “The permissible unit stresses as used in the design are as follows: git 


site Silicon steel. 000 Ib. per jin, rin ou veal 

Heat-treated eye- bars. .... .36 000 Ib. per sq. te | hes 

otisher! 


5 — (up to 24 750 Ib. per sq. in. 


‘methods « of we were considered. It was not thought possible 


use ‘timber piling successfully and ‘economically because of the depth 


the soft bottom, swift current, and the height. of the piers 


above water. Describing the. erection “procedure in detail, “Mr. Kirkbride 


“Proceeding from the abutment, the tower posts and girders were placed 
by erecting cranes, except that temporarily the last pair of girders of — 
eastward track was used for a turnout approach to a falsework trestle that was 
driven immediately adjacent to and up stream above Pier No. 10. 
“Then followed the erection of the 260-ft. deck — upon this —- ir 
r which was so driven as to provide for floating two 40 by 125-ft. barges into posi-— 
tion under the span. By this means the span was floated into its true position __ 
3 and placed upon Piers Nos. 10 and 11. After this, the 504-ft. deck span was” 
erected upon the falsework. This | span is to be used as falsework suc- 
‘cessive times in the erection of the remaining - spans ; of the bridge 
being accomplished i in the following manner: AL OF 
a’ “Mter erection the span is floated from its falsework by means of the two 
_ barges into position between Piers Nos. 11 and 12 where it rests upon two tem-— 
_ porary steel bents that extend to and rest upon the shelf that is for med by the 
i" top of of ‘the caisson at E levation —20. . T hese bents are secured to the pier shaft 
<onetusion, Kirkbride ized three featu 
‘Spi, 


thi it 
rete 


ing of th the bride piers to be resistant to earthquake shock; 


“29. The ereation of artificial islands o of sand within steel shells by means 
of which the all-concrete caisson bridge piers “were formed above water an 1 


within the steel shells to bed- rock ; and 
ine —The temporary use ‘of one of the permanent ‘deck spans as falsework 


| 
| 


the construction of the bridge spans across deep water.” ow 


tor} bey 08 DISCUS SSION “1 aniilyenoD ot oF 


MISCELLANEOUS CONSTRUCTION DE TAILS 


Each new job of any | consequence from an engineering ‘stan ndpoint adds 


some new “wrinkles” to the fund of knowledge. On the Suisun Bay Bridge, — 
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tioned by Mr. Helmers i in discussing the paper by Mr. Kirkbride. she de Teteton 


uoting Mr. Helmers, baby. 


«The base line was established approximately parallel to the bridge and 
5 poo quarter mile down stream from the bridge site. From the two observation 
"stations, all locations are given not only for the falsework, but for | the sinking J 
of caissons, erecting of shaft forms, setting of anchor- bolts, MMi 
“Tn connection with pile-driving, signals to the driver are made by the use 
of a diamond-shaped target revolving about a center. One-half of the diamond 
is white and the other red. The signaled direction to . the pile-driver is indi- 
eated by the v white half of the diamond target. Under ordinary visibility 
it can be plainly seen without glasses from any pier. For driving falsework, 
_ the pile-driver is spotted at the intersection of two lines sighted from the two 
- observation stations, the direction having been previously calculated to form — 
intersection for each pile as designated on the contractor’s pile plan. 
- obtain the necessary degree of accuracy in the turning of angles, each eusit- 
_ man turns from his foresight on the movable disk which is set to take care i. 
the odd minutes and seconds of the are. The arsed is not used. This method 7 
gives the location within a probable error of 1 in. The co-operation between — 
the instrument party and pile-driver crew has been so good that we have a 
number of times driven 20 piles in 2 hours under these conditions. a. 
of the swift current it is necessary then to stop and cap the piles driven to 


prevent their being broken off by excessive and continued vibration.” Biren 


Construction Equipment. —A heavy floating pile- driver; with 90- -ft. leads 
and a 13 200- Ib. double- acting empinens was used” on this work. This = 


7 according to Mr. Helmers, has a ‘revolving derrick with a 15- ft. boom as well: 


as an unusual number of engine drums and winches. The piles driven were 


- to] 125 | ft. long, with butts (24 in. to 26 in. in diameter. 


REY 


normal ‘eapacity is 60 cu. per hour. Besides 


; ae “There are two additional, heavy, floating derricks; five stiff- leg derricks 
outed on the falsework of each main pier; tugs; locomotive crane; 
pump barge; and a very complete machine shop, besides. a ‘number of deck 


iy lighters. The cement is handled in two heavy barges, housed and provided ~ 


Lau Be with an inclined belt conve} or, power-driven, which delivers the cement on the ° 

platform back of the mixer on the concrete plant barge, 
i ne “Practically all the machinery used is operated by steam, with oil as. fuel. 

oe The tugs are operated by Diesel engines. - All the plant used on this job is ‘the 

i ; es: “Pile Driving.—At each of the eight main piers, as soon as the first false- : 
ae work piles were driven, a carefully detailed report of its behavior was wired — 


to the Consulting Engineer, M. F. Clements, Am. Soe. C. E., and 


re the study made by his office, the depth to which the steel shell would sink was 
< estimated and recommendation made for this item, as well as passing on 
im _ whether or not the mud should be removed from the inside of the shell before — 
placing sand filling. These studies and recommendations have been wonder: 
rae fully accurate in forecasting the behavior of each caisson | and have been of 
: _ “Qne of the important items in handling this job was the hah iee of ‘a 
mud of the Bay bottom. It has been demonstrated that ordinary river silt 
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sufficient bearing to be for the method used, 


a : small amount of settlement taking place under such conditions and this settle- ' 7 
- ment quite uniform. — This condition obtained at Piers Nos. 18 to 17, inclusiv a 
is expected also to obtain at Pier No. 18. pil bats 
“The driving of falsework piles at Pier No. 12 showed a very soft bottom, _ 
' the 100 to 110-ft. pile sinking 48 ft. under weight of hammer and pile, and — i 
} going over 5 ft. under the last ten blows. Both shell and caisson showed some __ 
4 movement under these conditions, and when the dredging in the caisson had 
_ psn through the sand filling and relieve ed the mud under the cylinder of sand, 
nond § w both steel shell and caisson listed, the caisson at one time being 18 in. out | 
indi- i’ of plumb and the shell nearly 8 ft. At certain times the dredging would be — 
ility — 5 ft. below the bottom of the dredging wells on the high side (all that was per- ; 
york, & mitted), and as much as 12 ft. above the bottom of the cutting-edge of the low | 
two] side. The caisson was landed within 6 in. of the correct theoretical position. » 
end | (Pigs No. 19 has the softest ground of all. The material was described on 
To § the original Southern Pacific drawing as ‘blue mud with vegetation’ and _ 
nsit- falsework piles used were from 120 ft. to 126 ft. long, extending 
"e of e to the rock. It is expected to use from 100 ft. to 110 ft. of shell in the — 
thod island for this pier and of this the three remaining pieces of the tenth 10-ft. 
ring are now being placed. The weight of the sand island is pushing the very _ t 
soft material out from under it, moving a portion of the falsework upward with 
the flow. Instead of at all times settling uniformly the shell and its sand 
filling at times takes its settlement by jerks; sinking 8 or 4 ft. on one side 
and then leveling itself in the next few hours. On ‘April 22, 1930, this shell 


An attempt to cure this by loading with sand and jetting on the high : 


ie sand will be added to get it “still nearer level. ‘The intent of the ai a 
at this time is to obtain most of 1 the settlement if not all, f before the caisson or Jo 
“An interesting detail of the method used is that the maximum weight is 
secured at the start; this being when the sand-fill is completed and 25 ft. of | 
_ caisson added, From that point the weight of the sand removed and the + 
_ water displaced by the concrete outbalance the progressively increased weight 
4 s “Under this method of sinking, the sand between the steel shell and the 
= can always be removed, thus relieving skin friction and giving —_ - 
greatest weight desired to permit rapid Under normal conditions 
at times this” 
a of ‘the preliminary studies of this project more than twelve 


estimates were ‘made of the steel required for various combinations 
of designs. For Mr. ‘Schneider pointed out ‘that the steel for single- 
rack, double- track, and. gauntlet- track “was computed. With 
bee Contr. Mer. J. 8. Steel P Products Co., Bridge and Structural Dept., San Francisco, Calif. 
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- combinations, the effect of ‘providing 20- ft. clearance instead of 70 ft., » was > 
pete a) £ x 

“Tt was considered as to whether a highway should be built in connection — 
_ the bridge. _ Estimates were made with the highway and without the high- ‘ 
way, and also providing for the highway at some future time. OR urthermore, — 
_ carbon, heat- treated, and silicon steel were considered ; also continuous, canti-_ 

_ Finally, a a through- type War arren truss chosen, to for 


‘eee on. E- 90 loading ; followed by a uniform: load: of 7500 Ib. per ft. 


Under these conditions, the total weight was computed as 25 000 000 Ib. of 


silicon steel and | 5500000 Ib. of heat-treated eye-bars. 

Mr. Schneider’s comments on testing are interesting: ‘tors 
“ 

_ “While it is customary for us ‘lier test to destruction, one or two eye-bars 
from every heat, the question was asked, ‘How do we know that the ones that — i 
are not tested are all right? This was given much consideration on account 

4 the size of the bridge and the amount “of money involved, and it was finally - 
decided that each bar should be proof- tested. As a a8 the 1807 bars were 


sections in a Fan 
ew hen the preliminary iitiiate were made, it was first thought that a span — 


of approximately 408 ft. would be an economical length, but the economical — 
a curve was about horizontal between 400 and 550 ft. and this was settled when | 
the War Department ruled that the distance between center to center of piers 
_ should be 530 ft. This decision, however, was not reached until the Army | 
_ engineers had made several tests of long tows in the vicinity of the bridge 
where swift tides and cross-currents frequently occur. These experiments _ 
7 indicated that a longer span was necessary to provide ample clearance and = 
Et) 5 to prevent long tows from being ‘side- -swiped. > The War Department ruled — 
ona 70- ft. underclearance from mean higher high water for all except the = a 
&s span. - This means that all river crafts can pass under the bridge and only 
going vessels will be ‘required to use the Government channel where 
lift span is provided with 300 ft. horizontal clearance and 125 ft. vertical 
@learance above mean higher high water.” ‘ot 
“Barges used for floating opérations were those originally designed a 


» 
built for the erection of the Carquinez Highway Bridge located about seven — 
miles down stream from this present structure. 5 They are 40 by 130 ft. with 
10-ft. depth, and have a capacity of 1000 tons. When on the Carquinez 
_ Bridge the maximum load they carried was 800 tons. When loaded to 1000 


tons capacity they had a free-board of 1 ft. 6 in. and extra waling strips w ere 


when were placed under the span. Shortly after noon, 
the floating was completed, and the span was resting on the temporary bents 
between the piers. The bents supporting this span were of sufficient length — 
so that ‘the span when erected on this falsework would be about 3 ft. ok 5 
proper elevation. jacks were used to take care of any 
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The of this 70 miles east of Sacramento, Calif., is 


i an extensive program of the Pacific Gas and E lectrie Company to develop — 


- practically all the economic power available on the Mokelumne River. It will 
impound 130 000 acre-ft. of, water. Quoting Mr. Peterson, 
“The storage from. Salt. Springs Reservoir the natural 

stream flow, will be passed first through a low-head power house of 11.000 k-va. 

capacity to be constructed near the base of the dam, thence through 18 ‘miles 
of conduit, consisting primarily of reinforced concrete bench flume, to a high- | 

head (1 220- ft.) plant to be known as Tiger Creek Power House which will 

thave.. a capacity of 60000 k-va. Final use of the water through a rebuilt — 
‘Electra’ project will result in a total increase of 146 000 k-va. to the existing = 
‘system. Ultimate development of additional storage on Bear River, the most 

-_ productive tributary of the Mokelumne, and the delivery of the Bear River - 
- supply to a high-head impulse unit to be installed alongside the 300-ft. head 
‘, reaction turbine at Salt Springs Power House will result ina ‘total: increase 
of 171000 k- from: the Mokelumne River Project.” bees od 


 Desien FEATURES OF SALT Spnuves Dam ar fom 


» 
° a brief dadovinidiain of the details of the Salt Springs Dain, Mr. Peterson + 


' iyodiliieaee to the height of this structure, which reaches a maximum of 328 ft. 


above the foundation, great care was used in determining conservative side — 

slopes and to provide ‘for settlement. The up-stream face is designed with an — 
average slope of 1.3 horizontal to 1 vertical and the down-stream face with a Ry 
- slope of 1.4 horizontal to 1 vertical. - With a top width of 15 ft. these slopes i 
‘give a base measured along the axis of the stream bed, of 900 ft. 


~ 2900000 cu. oa. of rock will ‘be requir ed for the dam of which o3¢ 000 cu. yd., 
or 7.5%, will go into a layer of derrick-placed rock. This placed rock section 7 
ea is to be constructed with a uniform thickness of 15 ft. measured normal to 
the up-stream face. It, in turn, will be covered with a flexible reinforced con- 
_ erete facing 1 ft. thick at the top and increasing to 3 ft. at the bottom, at 
| ip plan, the dam is arched up stream; the magnitude of the 1 warping © hie 
4 (which is 64 ft. at the crest and decreases with the depth) was determined by a 
“ estimating the settlement due to the weight of the fill combined with that ry 
- due to water pressure, and providing that the dam is to retain a slight convexity ou - 


_ after final settlement has taken place. Tension cracks will thus be minimized __ 
in the concrete facing. In addition, the design is such that a vertical section 
through the face of the dam parallel to the stream bed will remain concave 
after settlement ‘has taken place. Hence the lateral thrust due to the weight 


of the concrete will be against the rock backing at all. times and the tendency — baa ig 
: “to buckling which would result if the section became convex is avoided. z ar 4 
“To give sufficient flexibility, the concrete facing is divided into inde- “4 
= squares approximately 60 ft. on a side. The edges of these slabs 
rest on conerete supports formed by filling grooves, provided in the face of er 
the placed rock, with concrete. To simplify construction, the sides of the ane 
the four corners being accurately set, using computed 


Given 


of Gen. Pacific Gas & Elec, Co., San Francisco, Calif. 
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“Two layers of 1-in. round s steel bars” at 9- -in. centers are — to reinforce 
the lowest portion of the facing; the amount of reinforcing is gr adually 
es: toa single layer of 1-in. square bars at the crest of the dam spaced 1 ft. 

"4 1 in. in both directions. | The joints between panels are made water-tight by 
4 means of soft copper seals embedded in the concrete. A concrete mix designed 
. i: = maximum density using 5 sacks of cement per cu. yd., gives a 28- day 
strength of approximately 3000: Ib, peti eqs: os 
a ali _ “The cut-off is a concrete wall 6 ft. thick extending from the base of the 
7 et. 6 to 20 ft. into good rock. Where the height of the dam exceeds 200 ft., 
‘grout holes, 2 in. in diameter, 50 ft. deep, and spaced 6 ft. apart, were drilled | 
along the bottom of the cut- off trench. At the two banks, where the height of 


the dam is less than 200 ft. the grout holes are spaced at 10-ft. centers and the - 


2 depth i is gradually reduced to a minimum of 25 ft. at the top of the dam. sa Eis 
©The bottom 10 ft. along the entire base of the derrick-placed rock section 
ote is laid up in concrete smote to give a more gradual transition from the solid 
bed- rock to the loose fill in order to minimize the tendency of the concrete slab — 


to crack along the line of junction of the facing and the cut-off wall. pte ee 
A temporary by- -pass tunnel, 22 ft. in ‘diameter, was driven under ‘the nor th 


a phretanant of the dam. In his paper, Mr. Peterson explained that shi: will later 
be used as a permanent outlet. described the spillway as a side channel 

Pe type, excavated in solid rock. In detail: 

= 


Ee _ “The overflow ‘crest, 650 ft. long and 153 ft. in elevation below the cres crest of 
os a the concrete facing, provides for a 48 000 sec-ft. flood with an 8-ft. free-board. 7 
tie This corresponds to a run-off of 300 sec-ft. per sq. mile over the 160 sq. miles — 
a _ of drainage area, of which the water surface of the reservoir amounts to about ' 
es _ 900 acres. The maximum recorded flood, occurring in March, 1928, averaged 
3] a 125 500 sec-ft. over a 24- hour period, with an estimated peak of 14 500 sec- a 7 
— This project, will “entail the handling of 20 000 tons of freight by truck 


Rec 


an 
= from the Railroad Terminal at Martell, Calif. - According to Mr. Peterson, : 
_motor- including the of about 30 miles of con- 


orking conditions: are ‘described by ‘Mr. eterson as follow Ws: 


a well equipped field hospital, are located on the left bank of ‘the river, down - zy 
stream from the dam. Lumber for these buildings was cut by a saw-mill set 


he water supply i is from springs, supplemented. by pumping from the river. 
Waste water from the kitchen and sewage is piped to a septic tank from which — 

ke it flows to a sprinkler system for aeration and filtration before returning to the | 

“Electric power is used almost for construction operations and 
for kitchen service, ie total transformer capacity at the dam being 4 000 k-va. al 
~The Company furnishes board and sleeping quarters, not including — 
oe blankets, at $1.25 per day. Common laborers are paid $4.00; carpenters, $6.40, g 
ne and mechanics, $6.00 to $8.00, per 8-hour day. Work proceeds on a basis of © 

two shifts of hours each, every Sunday a day of rest.” fg ofl 

il sd giatis din esi 

“The area of site, except for a of compact boulders 


in n the down-stream half of the stream channel , was stripped to bed-rock, the : 


total amount of material excavated being 312 000 cu. yd. This stripping | : 


- near the site, use being made of logs salvaged | from the reservoir area. J 


2 


into 

way! 
| 
requ 
the 
— 
| if 
veg: 
ql 

latt 
ave 
om 
‘Th 
bei 
qu 
a 
deg 
br 

| 

— 

. 
— 
— 
— 
8 


STRUCTURAL 


done by power — trucks, the waste being hauled as as far as s mile 


boulders and fragments of broken rock were segregated ‘and hauled directly 
: into the section to be built of loose fill, the total amount of rock salvaged in this a g 

way being 67 000 cu. yd. cy sist) thy 
“Much of the débris i in the river bottom was so compact that it was neces- ] 
say” to loosen it by powder before it could be excavated. Ten 


he 


RRY OPERATION 


igi and excavation from the cut at the south furnish most of 
the rock for the fill. The largest of the quarries, located: at an elevation . 
about midway between stream bed and the crest, will provide 1300 000 cu. . yd. 
of fill material. At the end of 1929 about 1500000 cu. yd. of rock had been | 
BE evusey at an average of 125 000 cu. yd. per month for the greater part of the 
year; it is expected that. this average monthly rate will be continued ‘until the 
Jatter part of 1930 when limited working space at the upper levels will slow 
down progress The present loading _equipment consists of two 4-yd., one — 
2-yd., and one qui yd. electric shovels, all working on two 84- rule shifts for an 
“average of days per month, 
“Drilling in the quarries for large shots is done by 4 
churn drill rigs, which put down holes 53 in. in diameter, 60 to 180 ft. in depth. cae 
These vertical holes are drilled on 18 to 223- -ft. centers, the successive TOWSs — 
being placed 30 to ‘ft. back the quarry face. At the base | of the 
quarry: face horizontal holes, 2 in. in diameter, are” drilled with Leyner 
drills at 8-ft. centers to a depth of about 24 
“On November 5, 1929, a total of 44 churn drill néllea averaging 158. ft. 
depth and 99 toe holes of 24 ft. depth were shot with 116 250 lb. of powder, | ! 
: __ breaking down a total of 231700 cu. “yd. of granite, s solid measure, with an 
average of 13 lb. of pow der per cu. yd. of rock. As much of this material 
4 breaks in enormous blocks, secondary drilling with jack- hammers and further z= 
use of der are required to reduce the rock to sizes which the shovels. can 


_ “Two full revolving 4- yd. electric shovels mounted on crawler tracks | are. 
i 


n use on the north side of the river to load into 30-cu. yd., standard gauge, 
 drop-door, steel dump cars. These shovels load an average ‘of 45000 cu. yd. 
sg month per shov el, not in cluding about 5% of waste consisting of soil and id 
partly decomposed surface rock. Rock is loaded in all quarries without the use — 

of slings, about 50% being hauled from the dipper teeth a ‘into cars or 
‘Storage battery locomotives” of 20-ton weight, ‘equipped with compres- 
sors for dumping of cars, are used to haul 1 or 2-car trains over a track of | “4 
70-lb. rail laid on hewn ties. The four locomotives used were converted from 
— eight 8-ton storage battery locomotives of 3-ft. gauge formerly used on tunel a 
_ construction, two of the smaller units being combined and rebu ilt to form ¢ one aoe 
of the large locomotives.” = = 
make it possible: to start the placed rock at an date. a 75-ft. litt 
was first built at the up-stream toe of the loose-fill section. Material for is 
- fill and for the lower courses of placed rock was obtained from a small quarry is : 
opened for this purpose on the left bank up stream from the dam site. the 
_ extreme vertical height of loose fill under which it is considered safe for he ‘ 
to work is 75 ft. For’ this. reason the dam. was constructed in lifts of this 
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4322 grRUCTURAL DI ‘DIVISION 
“The track from the lowest level main quarry 1% grade 
x extended out from the abutment in the form of a semi-circle. As soon as 
a fill of minimum working width was completed across the canyon rock deliv- 
= from this level started at the up-stream slope for the derrick- placed sec- 
Bicy and at the lower side to widen the fill to its full slope lines. Since ‘the | 
"e ton, of repose is about 1.35 horizontal to 1 vertical, berms will be left ‘at the 
a wo top of each lift extending beyond the specified slope of 1.4 to 1 on the down- 
stream face. No attempt will be made to obtain a smooth surface; it is ex- 
pected that rock dumped from the upper slopes will obscure the steps formed | 


“The semi- plan of carrying a fill across the canyon is not practical 
at the higher levels of the dam on account of the limited width. An excellent 
: a solution was found in the development of a a 48- -ton capacity standard gauge 
oa steel car which i is end- -dumped | by a power hoist. The application of a power- — 
operated end- -dump body on railroad tracks is believed to be new. These ae 
are proving very serviceable in building narrow end- dump fills without the 
a use of a trestle. The dropping of such large rock would make it extremely | 
% sea difficult to maintain a high trestle and would result in a very unsafe condition — 
a “Rock in the fill varies in size from quarry - fines to 25 tons, one-half ‘the a 
volume consisting of rock more than 3 tons in weight. The average length me 
a haul from the quarries to the fill is about 1500 ft. Water i is used liberally — aa 
'¢, ont the « dam to wash the fines into the voids and to assist in settlement. F ive 
pump units, each of 1 200 gal. per min. capacity, are used for this purpose. 
1 order to dispose of ‘the layer of fine material which accumulates at the 
top of each lift, shallow pits at about 6-ft. centers are dug over the entire | 
area. - Small quantities of low-strength powder placed at the base of ‘these 
pits are shot, causing the fine material to be loosened and to a large extent 
scattered. of the surface carries most of the fines 


used for fill in the dam. Here, two "aibctei shovels, of 2 and 23-yd. size, load 
‘into end- dump, tractor-drawn trailers of 20-ton capacity mounted on Ce 
ie pillar tracks. The bodies of the trailers are of a special design developed for 2 
this job. These units are well suited for this rugged service and for the great — 
Pend of turning required in the short | haul from the spillway ¢ cut.” owT? me 
hae . “Building the 15-ft. layer. of derrick- -placed material containing a total of 
(220000 eu. yd., consists essentially of laying down large rock with the bet 
fs ———- to the adjacent rocks and of filling the intervening spaces 
with spalls and small stones. "Electrically operated cranes, converted. from 
full-swing power shovels on crawler tracks with 35 to 40-ft. booms 
and front drum transfer rock from the loose fill to the 


Ry : to chink up spaces in the placed rock. - Each of these courses is full bia 
and 6 ft. in depth, making a 12-ft. lift constructed from each road level. ae af? a 
. “Kach crane, working two shifts with a crew of six men, places approxi; 
- mately 3000 cu. yd. per month, 15 000 eu. yd. per month for the five units to co 
_ be used ultimately. Two units only were used in the beginning, increasing Aime 
in number as the total length of roadway became greatern = 
ee _ “An interval of several months elapses between the smeing of the loose ae 
fill and the building of th the placed rock, against ‘its slope.” 
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concreting plant was constructed bank up 

stream from the spillway. Rock is quarried and crushed up to 24-in. maximum — 


size. . Sand is obtained by passing crushed rock through a cone crusher. es 
“Concrete is delivered along the face by 2-cu. yd., side-discharge cars 


hauled by a gasoline locomotive over a track constructed along the horizontal 
recesses of the placed rock. From the cars it is spouted by means of. chutes: = 
directly into the cut-off wall and the 60-ft. panels. 
: Bhi oe “That portion of the facing below the top of the intake tower is to be ‘a 
permanently covered w ith two layers of 1}-in. planking . This timber covering 

4 was used in place of a form and the concrete facing. poured directly “ew 

and against it. For the panels” above this level, sliding steel forms, 8 ft. 
— wide and 62 ft. long, will be utilized. T ‘hese consist of a plate stiffened and sup- : 
ported by two latticed trusses. panel will b completed in on 


a continuous ‘operation, the forms being moved while p pouring is in progres: 


ee 


ait ai ‘Economic Facrons AFFECTING OF Fut Dam 


= et possibility of an economic power development depended upon the cost 
of storage at the Salt Springs site. The rock-fill type of di dam_ finally chosen — 
"appeared. to be the structure best si suited for this location. yok vd 


‘The chief factors favoring a rock-fill dam at the Salt ibe site were 
the abundance of excellent granite conveniently located for quarrying, the 
relatively low total tonnage to be transported (less than 20 000 tons), and the | 

 faet that construction could | pro oceed, althot ugh reduced ‘speed during the 


a concrete gravity dam at this contained more than > 


a 800 000 cu. . yd. of concrete, requiring the hauling of 152 000 tons of cement, or 
pe times the fanpage of cement to be hauled for the present. structure. It 


DISCUSSION 


D.C. _ Au. Soc. C. 

Statisties showing the tresids in the construction of rock- fill dams with 


tight: diaphragms were given 1 by Mr. Henny, , in the following tabulation: © ey 


Ww alnut Grove, Ore..|_ | 0. 6 Dout le, 3 by 8-in. 
bow er Otay, Calif... | Center steel core 
Calif... -| . Concrete facing, _Erangactions, 
|Moreno Dam, Calif..| 0-9 to 1; | Rubble masonry, 
20 | Concrete fac ‘ing, 
to in. | News Record, 


Salt Springs, cat. 


— 
—— 
ae 
| 
2 
4 
| 
3 | 
Se 


As to Mr. Henny called attention to the fact that Ttem 
A is the most conservative because of its ‘comparatively flat slopes. , ator evs 
Friction Coefficient and Sliding’ Factor.—The friction coefficient of loose 


a, on solid rock, or of loose rock on loose rock, is not definitely known ‘aid 


— “Small-seale experiments which can have little value indicate that it may 
~ yrange from 0.6 to 1.0. If angles of repose in dumping are any indication, a 
14 to 1 slope would correspond to a friction coefficient of 0.67 and a 1} to 1. 


aia slope to one of 0.80; but conditions of sliding under heavy loads are quite : dee 

different from those affecting the angle of reposen slo 
“The sliding factor in the Lower Otay Dam was , far higher, and must have a” 40 
approached the coefficient of friction much closer than that in any of the Lx gg wh 
other dams listed. This was due to the fact that the tight diaphragm did fe ¢ 1m) 
not rest on the water slope which would have caused the entire weight of the - ; 7 We 
dam to oppose sliding. In this case the tight diaphragm consisted of a central - 

4 vertical steel core against which it may be supposed that full horizontal water = ; fell 
pressure was exerted through the up-stream rock. This core was 3 supported = » i 
= by the down-stream half of the dam, making the conditions opposing ie 

‘ 4 « “Dams like the Salt Springs have a large margin of safety against mass } ) 7 
sliding. It is important, however, to bear in mind that, while the average slid- 
an _ ing factor along the base may be low, the local sliding factor varies mate- a if 
me “Near the up-stream toe the factor depends solely on the inclination of the _ Stal 
stream slope. It reduces rapidly in a down-stream direction as may be 
noted from the following table of approximate values for the maximum 328-ft. od 
section of the dam based upon the assumption that the weight per cubic foot * 

Distance fro from up-strea: eam toe, in feet. Locals iding factor. — 


“The table indicates that should it happen that the friction coefficient is — ries 
0.60 this value is exceeded by the local sliding factor for the up-stream 
40 ft. of the base. This would mean that when the water load comes on, the — |: 
_ rock fill near the toe would, by horizontal movement, take its set against the beer 
_ material down stream for which the sliding factor drops below the coefficient — a “mer 
7 __ “Such horizontal settlement would be apt to cause cracking of the conpeate 7 = 
facing ne near the toe unless prevented by or by a horizontal ‘sliding in ¢ 
‘That this statement should that at the toe is to 
oceur, was disclaimed ta Mr. Henny, becaiiee there i is no way of knowing cer- a al 


tainly that the friction coefficient will exceed 0.77. tather, it was his intention 


_ to point out that the factor of safety against such oce purrence annot be far 
on from unity. If it should be less than 1, said Mr. Henny, 
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“The r result . might easily be annoying as leakage through a crack would | 
acquire high spouting velocity, which in time cause erosion,  displace- 


me 


7 “To the writer i it appears that serious ‘atiention shor uld to means 
which may prevent toe cracking due to horizontal settlement along the base. 
- To that end the simple expedient may be considered of introducing a ph tg 
‘jection of pavement at the up-stream toe, concave to the water side. This may — 
be designed secure any reasonable factor of safety against local sliding. 
Assume, for instance, that a value of 0.60 maximum sliding factor 
deemed to afford satisfactory safety, then a ¢ curve could introduced ij in 
slope’ lining, tangent at its upper end to the present slope at a a point ‘about | 
40 ft. from the toe, measured along the slope, and tangent at its lower end, 
es where it strikes the base to a line with a slope of 1.67 to 1. This change 
involves but a relatively small amount of extra concrete and rock ‘fill and 


would, the basic assumption being correct, make horizontal ‘movement im- 


a L.F. ~Harza,* M. Am. Soo, Cc. 
_ A discussion of Mr. P eterson’s paper was read for Mr. Harza by F rederick | ak 


iH. Fowler, M. Am. Soe. ©. E. Mr. Harza introduced his remarks with ‘the 


“The: success of a rock- filled dam i is dependent upon: ai 

“3.—A water-tight diaphragm of flexibility to insure against erack- 


ae He seemed satisfied that these three ‘requirements had been amply consid- +S 
pe: in the design of the Salt It Springs Dam. The Dix ‘River Dam, in Ken- 


 tucky, offered many convenient points of Harza took 
advantage of these in discussing the subject presented by Mr. Peterson. 
For example, he y pointed: out that ‘the maximum floods of the two drainage 4 
‘were about the same. At Dix River, trouble was encountered in con- 
structing a facing slab without. an irregular s surface due to settlement. biit Mr. 
inquired to this we was guarded a; against at Salt Springs. Further- 


would be interesting to from the author as to swell has 


= measured in the rock-fill at Salt Springs as compared with the measure-_ 


= in borrow-pits. At Dix River, this was about 40 per cent. _ whip ge 
“Settlement. at “Dix River Dam has practically ceased in a period of four 


— 


7 years with a maximum settlement near the center of the dam of about 1.7 ft. g 
2 fill having» a height at this point « of 275 ft. above stream bed. This is 


a 


equivalent to a settlement of 0.62 per cent.” 
‘Commenting on. another important of the experience | gained at Dix 
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"imental error in principle in back- filling these grooves with conerete poured 


the vertical expansion joint on the concrete rib is to by closing 


up as the result of settlement or expansion, then there must be freedom of i 
movement of the facing slab with reference to this concrete rib, and with — 
reference to the supporting rock adjacent to this rib on either side. The | 


concrete. rib, “poured directly into. rock grooves and against “the rock 


forming the "side walls” of this groove, prohibits any movement of the adjoin- 
ing Tock. — Therefore, if any va ue is to be had from the 3 in. contraction 
space prov rided_ along the center line of the ribs, the slabs must break free 

_ from the adjoining rock and slide over them. To function properly, the rock 
— next to the rib should be. able to move 14 in. without coming in contact with 
the concrete rib. In reality, with the concrete rib poured solid into the 
groove, the rock ‘next to the rib is prevented from experiencing any move-— 
ment 1 whatever; and the freedom to move increases toward the center of a | 
le panel, whereas the tendency to move decreases. . The result is that the rock | 

which should move the most in order to’ permit functioning of the expansion 
; eee “This fallacy of principle yas discovered during the construction of the 
‘ Dix Dam, and for the latter part of the construction a rather unsatisfactory — 


attempt was made to provide a space between the rib and the rock adjoining - 


4 


"3 on either side. Even this is not ideal, since a large rectangular rock thor- 
oughly packed in with spalls is not very free to move because of inter locking 
‘with rock breaking joints with larger rock below it and on either 
side. The correct principle theoretically would be to have a: space of, say, 2 in. 7 
- between the concrete rib and the adjoining rock on either side, and also to have 
a division down through the dry laid masonry wall along the center line of 
the rib extending far down into this masonry wall or entirely through it, this. 
expansion space to be mgpeeanetey 3 in., or the same as the expansion space 
allowed between concrete slabs. - This would permit the joint on the rib to 
- funetion freely without breaking the: slab loose from the face rock. - Another 
method would be to omit packing with spalls in the vertical spaces | between on 
— the face rock, fet ch only the horizontal joints to support the weight. On the oa 
Strawberry Dam, a layer of mortar was first spread over the surface of 
the rock and sereeded smooth, the face slab then being poured upon the same, | 
thus furnishing freedom of mov ement except as restrained by friction. = 
“These considerations must make it evident that the expansion or con- 
- traction joints” along the ribs in rock- -fill dams, as now built (except Straw- e 
berry” Dam), inevitably 1 function, if they do at all, only by the concrete 
: : slab breaking loose from the laid w vall unde rneath and riding « over these roc ks 
in their movement, thus, after a movement, failings to éonform’ to the surface _ 
of the rock wall underneath. Since they have nearly all been built this was, 
it is no reflection on any one to suggest this incorrectness in principle, which a 
still awaits a simple solution, = 
~ “Tt is our belief that the infrequency with’ which these joints: have been 
| observed to funetion indicates that the adherence ‘of the slab to the rough — 


rock surface is sufficient to compel the slab to ac t in general as : a monolith — 


‘= across the joints, thus largely defeating the primary purpose of these 
r joints. In cases where the thrust becomes sufficiently great, the slab ean break | 
loose from the rock and the joint It is, therefore, of some 
- value in extreme cases, although only by injury to the uniform support of | 


ok wigtal ample spillway and conservative slopes, the failure « of a ‘a rock- filled 


dam in the sense that other dams have been known to fail is inconceivable. 
It is conceivable that cracking of the face slab, due to poor construction, might ns 
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COMMENTS ON THE DESIGN OF SLOPES 


> 
tative of the F Power Kramer = 


"Dam. his « » problem | 
determining ‘the road slopes. ct sad muh 


he steepest “slope considered was 1.3. horizontal to 1. vertical and’ the 
fattest, 1.5 horizontal to 1 vertical. Measurements were made by the speaker — 
at the site where some quarrying had begun, to determine the natural slope 
of this rock. T his slope was about 1.3 to i die The argument in favor of a 


Re: 
the down-stream face, and if settlement occurred in the down-stream direction, | 


= flatter slope than this was that if the exact natural slope wer adopted for 
4 


due to water pressure in a greater ratio than vertical settlement due to w eight 
of the rock, the down-stream slope would become greater than the natural 
“On the other hand, it was ‘realized that it would be extremely difficult to 
place the rock actually on an angle flatter than its natural slope. The cheapest 
method, of course, placing the rock on the down- uttering face to dump 
z allowing it to roll down and taking its natu iral slope. — To drag this rock 
out to a flatter. slope would be expensive. The solution arrived at was to adopt 
an over-all slope which should not be steeper than 1.4 to 1, this general slope 
7 being obtained by berms, if necessary. The rock was to be dumped into place 
without effort being made to flatten the natural slope. - 


adopted for the up-stream face for several reasons: 
-™ First, that this is approximately the natural slope of the ‘rock, thus oa 


ing the rock to be dumped i in place and to settle to a considerable extent before 


= “Second, a slope steeper ‘than the natural slope would require that th 
placed by derrick be carried up with the dam. ‘tes 
a “Third, the added expense of a slope flatter than the ‘natural jeer 
not be justified since the natural slope would be entirely stable, with a very. 
high safety eapecially atten derrick-placed rock has been 


slope s eeper than the natural was never considered in. this connection, 


“but Mr. Kramer propounded an interesting namely, ‘oy 
“4 
“requires a thicker facing of derrick-placed rock, and also placing ‘the face 
before the initial settlement has oceurred, than to use the natural slope of _ 
loose rock with a thinner facing of derrick-placed rock placed after the she 
... so far as the stability is concerned it is believed the argument is all 
is in favor of the latter method. However, there may be sufficient « economy in a 
the former method to justify its adoption in dams of lesser height, and en 


even i in dams of this height where the rock is not so ‘easily available. 


Dist. Engr., U. S. Forest Service and Power Comm., San Francisco, 


‘it more economical desirable to use steep slope. which 


“ 


A slope of 13 tol was 
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RAL DIVISION 


r que stion et ‘came up during ‘the of con- 
_ struction was as to whether or not it would be safe to allow the natural river be 
ec consisting of large boulders, gravel, and sand, to remain in place and to 
deposit the rock fill on it. It was intended, of course, in any case, to carry 
the Set off wall and concrete facing wall into the bed- rock. There were about i. 
200 000 cu. yd. of material in the stream bed. _ This was a sie fill consisting 
of rocks varying in size from 5 yd. down to river sand. It was free from =. ¥. 
- loam or humus. A very large percentage consisted of large boulders. A cross- ee 
ca section ‘of this material showed pockets containing up to 1 cu. ft. of sand, — 
wi hich prevented the larger boulders from making actual contact. 
he ‘The material was about 20 ft. deep just below the up-stream face of the © 
dam and had a slight surface slope tow: ard the center of the stream and also 
down stream, although it about the same vertical thickness. 
‘extended entirely across the stream bed and up and down stream beyond the | 
_ dam foundations. It has been explored with numerous drill holes and several — 
5 _ “Estimates of the weight of the dam on this material were from 15 to 30. 
as tons per sq. ft., according to the bearing surface of the rocks placed on it. 
The material was thoroughly compacted, and would tak take this pressure with an 
immaterial settlement, provided it was confined. saw 
“Two problems presented themselves: What the effect of any 


considerable leakage through the face of the dam running over this material? — 

4 What would be the effect of a small leakage through the face, piling = 

between the cut- off wall and the material, and seeping through | the material 

“The material differed from the fill of a rock-fill dam in that there was . 


- larger percentage of sand. I It was in a different condition from the fill of a 
| -fill dam in that there were sand pockets between the rock surfaces. In 
- an ordinary rock fill, as. deposited and washed with a water jet, the cei 
i) of rock on rock is assured since the percentage of sand is small and the sand is 
_ washed away to a point where the rock already has good contact. The large 
: rocks of an ordinary rock fill will allow for a large leakage, which will run 
_ through freely without damage, whereas the material in question, while slightly 
_ pervious as a tight sand fill went be, might allow a pressure to be built up 
inside of it which would ca cause a slight ut con inuous sluffing on ‘the: down- 
= of moderate size, might wash out the sand pockets, and cause enough 


settlement to open the concrete face sufficiently to cause a failure.” ilps We" ;: 


One construction problem of ‘some magnitude was that encountered in 
- attempting ‘to control unusual floods that might occur. The 1 method =i 

4 “Ts to. div vert the how by means of a the finished face 
x of the rock-fill dam as fast as it is laid, through a tunnel 22 ft. in diameter ‘ 

and about 1200 ft. long, which tunnel will be used, after construction is com- 
pleted, as the intake for the conduit leading from the reservoir to the power ‘) 

pe. Adopting a method of this kind places reliance on the construction pro- 
the amount — can carry being dependent on the head 


two such structures as the Salt | Springs (828 ft high) and the 
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STRUCTURAL 
site material must be taken into This was by 
CE E. -Grunsky, Past- President, Am C. E., , who stated tha at, 
case of Dix Rive er Dam there is a canyon washed out in lime- 
stone formation. The limestone has broken away with vertical faces stepped 
«off from the surface down slab after slab to the bed of the creek. The material © = 
which the Dix River Dam is built is limestone. = 
- “In the case of the Salt Springs Dam, the side slopes are gradual. The 
mae of which the dam is being constr ucted is good, firm, hard granite... s 
“a _ “Will the settlement at the Salt Springs Dam be the same as the settle- 
‘ment of the limestone material at the Dix River Dam 1 It cannot be told in 
will be settlement, said Mr. Grunsky, generally | about i in 
to the vertical depth. Therefore, he ‘said, od ti aby 


Tt is always desirable to make the up-s stream face of laps filled dam 


« steep as possible in order that it may not break away from its support. __ 
_ The site with the most ‘gradual uniformly sloping sides is the ideal site 
for the rock-filled dam. The less favorable site is the site of the type at Dix 
River where there are vertical faces against which the material is to rest. 

5 The facing slab is much more likely to break away from these vertical sides 
than it is in the rane of a gradual sloping surface.” 29 


i K. For, M.. Am. Soc. E E., utlined his in examining ewe 
- existing dams. These observations led Mr. ‘Fox to believe that the natural — 


tone 
slope of rock is sufficient for a rock: fill dam. 
One of the dams was a small | structure of only about 50 or 60-ft. he ad, 


constructed about ut 1890. _ Mr. Fox believed that it might have been constructed fet 


by. a logging foreman, with the help of a cableway . The x rock wits: placed ; appar- 
ently as steep as it could stand. Upon examination Mr. Fox found that below 
the water-line the timber facing was as. good as new. and that there was aS NO 


nstructed about 1913. 


_ mud-sluiced. The | sation is rock- filled (granite). In ‘comment- 
ing on this case, Mr. Fox declared that the > dam, thn sige 


“Fas been filled within 4 ft. of the t ten spedbably one out of every three o or 
a four years since. na. ob. okt at ted Ob. ay 
“Tn its early days it was noticed that it was moving. The engineers estab = 
4 lished points on the top of this rock-fill and then also established two per- 
Fe manent points on the ends and every year a record was kept of the movement — 
by observation of the transit on those points. We checked those records care- 
fully many, many times and there has been a great deal of discussion n as to in 


wha q moving” 


_A shaft was dug this disclosed dotg 


_ “There was no horizontal crack in this core wall until you reached t Y 


; bottom and there is apparently one horizontal crack at that point. In fact, _ 
| | that The sl 
we proved that there was and we drilled into it and found it. ne slope of 
the core wall was. uniform. let other words, it was not as I personally ] had 
expected, that there several cracks, it would form a curve 
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STRUCTURAL | “DIVISION 

a siete of the erosion of the stream. The granite was polished smooth and 
oH we washed it off it was the same as when the dam w as built. We could 
see no signs whatever that the rock had moved horizontally, and there was no 
sign of any shearing of the core wall itself. odd 
of the things that was expected, that perhaps this— core wall ha 
sheared right at the rock surface, the original | stream bed, was not the case. 
- Tt had cracked horizontally about 7 or 8 ft. above the stream bed, and I attrib- 
ute that to the fact that the lower section was a little thicker. In other words, ; 
_ they: stepped the core wall in at that point. It was 7 to 8 ft. thick at the oi 


Finally, said Mr. Fox 4 


hee made many cross- section surveys of both the up-stream and down- 
Bape’ and concluded to add rock. Ne did r ecently y add more than 
000 yd. We have not had the full since that time, nor the reservoir 
full, so we do not know whether or not that has stopped this gradual — 
ment. But it did x prove to us that the movement was not due to sliding on its 
~ foundations, and that it was due to a gradual settling and disintegration of 
the material. | on This granite is not as good a grade as they have at Salt Springs. 
ee that, if it it was, the s settlement would have been much | less.’ ate yes! 


A rock- filled 125 high, y built in “Mexico, was described by 


Louis C. Hill, M. Am. The slopes ere given as 0.7 ‘to 1 and were 


“Tt was originally designed to be hand- ‘on the up-stream 
oo. _ side, that is, dry masonry on the up-stream side, and the down-stream side 
connected with a series of walls intersecting, and the inside of these walls 7 
filled with loose rock; but I _understand it was actually constructed by being _ 
laid up as a dry rock- fill. That is the cheapest front and back slope that I iu 
Mr. Finkle 1 rec ralled having considered building a rock- filled 
high as 450 ft. and asked Mr. Peterson if ‘the studies of Belt 
| 
Springs Dam had considered the qq question of maximum limitation of height. 
In the case mentioned by Mr. . Finkle the 450-ft. height was found to be 
rom the discussion of A. H. Markwort; M. Am. Soe. C. E, impression 


was that studies had made si since (quoting Mr. 


‘Commexy “do not ‘is to be the first to do 
sarily. We would rather play second. We found that the dam would have to’ 
be upward of 300 ft. high from the stream bed and, perhaps, 30 ft. more to 
suitable bottom and it worked out some 328 ft. bite 0d} 


iswering the question about the limit of height: We based it largely 
on n common sense and precedent. I think one could go higher, but the greater 
settlement problem would come into play. I think that you can go almost any 
height with good rock if you wait long enough to put ‘the skin’ on thet 
is difficult where you are building | in seasons because you cannot wait very _ 
long as it is difficult to get rid of flood waters" that come during seasons. If, S 
however, you make adequate provision for taking care of all the floods that 
; might come over that period that structure is settling, I think you ean do ~ 
anything you want, because rock, in a natural state, will carry itself very high. ; 
he | suppose we can make calculations on what granite will carry, but the 


 Gifculty to much will be on any ne point of rock. So a 
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scientific. analysis of what granite might. carry would not be of much value. 
The greatest value is cedent, what other dams have d 


In the main, Pm Markwart’s fe eeaoie. were in the form of a closing dis- 


cussion of the paper by Mr. Peteraoh, in so far as the more important ques- 
tions raised were answered. For example, in reply to Mr. He nny on the subject — 
of possible “ ‘horizontal settlement,” Mr. ~Markwart explain ned, ai 


“There are a number of factors that would “safeguard us in case of th that 
wry 


rizontal compacting. ‘First of | all, about on one- e-half that 50 ft. is laid- 
k, not rock-filled. Again, there iderabl "9 

not roc e gain, there is considera e concreting in the “upper — 
vortlon of the dam. _ Furthermore, about 80 ft. ‘vertical of the concrete base — 
is covered with board: which are left in place, which have considerable flexi- 
bility, and sooner or later we expect to sluice i in about 30 fi ft. of earth material — 


in front of th . dam at. the lower level.’ 


The mn, of. course, last but not least, 
s the flexible horizontal joints, or the flexible horisontal joints across the | 
dam, which can have some movement be on by this hori- 


zontal com mpacting.” 


Cc alling attention to. 


wall and especially to recomme Mr. Markwart that: 


“In the writer’s s opinion, , if, ot a dam is to be constructed in 


panels, with the reinforcing crossing the joints to form a continuous slab, 
_ as at Bucks Creek, or with the panels separated as at Salt Springs, some form 
“4 of rib should be used to form a rigid | support for r the ends of the slab at 
. these construction joints, although there perhaps \ would be less necessity for 
this with the continuous slab construction. — Otherwise, if local settlement 
— oceurred. near the ends of the slab, the lal. ould be subjected to cantilever | 
action, which would produce stresses five or more times as great than for a 
similar area of local settlement some distance from the edge of the slab. The. 
concrete rib, rigidly tied in to the adjoining rock around the boundary of 
the panel, produces a support w hich is less yielding than the rock in the area 
it encloses, thereby ‘ing the of local settlement in the 


+ 


“When the rib is poured into and around the adjoining rock, as at Salt . 
‘Springs, and space of 1 in. is left, on the inclined Joints between each 


of the it must | ‘admitted that this joint can only 
LS closed by some shearing of rock points or of the projections of concrete 
1: hich find their way back into the voids between the placed rock. If the space 

= the concrete panels is large, as described by Mr. Waren, this shearing 
ai: action would extend some distance away from the rib, but where the space is 

only 1 in., , making it necessary to provide for a movement of 4 in. on either _ 
Pe side of the 1 rib, it is quite | likely that all ll this small movement can_ take place | 
a4 in the contact ‘between the place ved rock o1 one course removed from the keyway. 7 

In this case, only one or two of the concrete or rock projections would be 
or crushed in order— to permit movement and he slabs to 


this which occurs on 


ly if ‘slabs move 


_ construction of a detached face, as used for Strawberry Dam, was 
considered for Salt Springs Dam, but was of area 
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of the face._ An element tof this slab is about’ 530 530 ft. long mentored: from cut- 
to erest and its resistance to column action would be somewhat problematical. 
“The of the of the water- tight fa e as the dam ‘takes 
important features neces- 
sary to insure the success of a rock-fill structure. The relatively small settle-— 
ment. of the monumental Dix River Dam and the excellent manner which the 
face of that dam has conformed to this settlement, inspires a feeling of confi- — 
dence in high rock-fill dams where there may previously have been some | 
apprehension. In our Salt Springs Dam, we are | stepping up the height a | 
rock: dams another 60 ft. and hope through the excellent quality of the 
native rock and high character of 


that ¢ eve en greater heights are possible. 


concur in Mr. Harza’s statement that wil ‘to insure 
gainst overtopping, with conservative slopes to prevent sliding, and with 
Bi: facing which can settle with the dam without cracking injuriously, so that 
- blow: -outs cannot occur, there is probably no safer type of dam” 
4° 4 


4 


io 


— 


ral 


id 
+ 
] 
| 
— 
a 
| 
— 
— 
— 
— a 
— 
— 
4 _ 
E 


os eit 


PRELIMINARY TOPOGRAPHIC SURVEYS FOR 


topographic surveys ever ‘undertaken i in this country by. an agency "other than 


Federal Government. more than 24 000 sq. miles 


and the cost to date has been $1 750 G08, be atl 


Much valuable experience was gained from similar surveys for the Owen’s- 


‘River Aqueduct, and yet, according to ‘Mr. Bayley, some practices followed 


at that time were found not adaptable to the later conditions. 


“On preliminary survey for the Colorado River Aqueduct, ay very 


comprehensive system of triangulation was adopted for the control “of all 
= preliminary and location surveys. This triangulation extended over the entire 
_ area, from the Mexican boundary line to Utah on the east and to Los Angeles 
on the west. _ For its base lines, the system was tied to the T exas- -California | 
Are of Primary Triangulation of the United States Coast and Geodetic i 
Survey. _ It was also tied to the triangulation system of the United States — 
4 Geological Survey wherever available. Thus, a single ‘standard of control — 
for all. subsequent topographic and location surveys was made ayailable for — 
the field engineers’ use, and it is hoped that by ‘continually tying to this 
triangulation system, none of the work now completed or in progress w will, in 
future years, be lost to engineers having need for it” = | eae 


After preliminary -reconnoissance it became apparent that the 


‘Gorgonia Pass would be the most logical place to begin the surv ey. Accord- 


4 } 


Verde Valley, through which the Colorado River runs, was the 
vat ‘nearest point to | San Gorgonio Pass; therefore, the mapping of the intervening 
territory between these two points. was considered the first thing that should 
bode .: done. The work was started in . this area, and as the survey advanced, it | 

became apparent that an advantage would be gained by mapping the entire _ 

} Canyon on the north, Yuma on the south, and Los Angeles on the west, as 
- pumping would be required along any route the intake of which was located , 
on the lower portion of the river.” 
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horizontal control, lines 0 of levels for v ertical control, topographie mapping, 

€ 

ete. field s engineer directed this work, at times with the help 


& of one | or two assistants. ~ According to Mr. Bayley, the various parties estab- 


lished their quarters in 1 the nea rest town or settlement w sherever possible. 


Tn some cases camps were necessary, and these 1 were usually established at -. 


nearest well or spring. “Dry” camps” “were sometimes then 


Friel d headquarters were e established at Beaumont, Calif., on the summit of 


d triangulatio 


this -place,, under- the direction “assistant ‘engineer, thus 

relieving the Los Angeles Office of much work. My: Bayley deseribed the 


“The engineering parties received their instructions “this office and 


a bie 4 complete system of indexing and filing was maintained at Beaumont 
— the entire period of the survey, with the result that all the original 


In nation, a bine print, ‘for ech triangulation station, showing 


for the use of the field enginee rs. 


DESCRIPTION OF TRIANGULATION STATION 
fle 09 9% bs sew to 
C 


APPROXIMATE LOCATION Fenner, California, 20 miles “est of 


Station is located on proninent peak on the sovtheast 


mp Al. 
end of the Providence Mountains. May be reached by 


= 
les west from on the ‘Fenner- Kelso road ond the tun 


7 


iw deep, narrow. canyon will be seen on ‘the ‘north- 
 easte Drive up this canyon 500 feet. From this point, walk 
up the canyon” 1000 feet and then | ¢limb the east wall, 3 ‘9 compara- 


oney y easy "Approximate Elevation 4600 feet, 


an 6 Iron Pipe set in concrete with 2"x2"x10' ‘pole in 


7 


OF CARD BEARING DESCRIPTION OF TRIANGULATION STATIONS EPT ‘IN THE 


| 
figure adjustments, and all adjust-— 
ments of level circuits were made in the Beaumont Office. In computing: the 
triangulation, every precaution was taken to insure accuracy. The various 


observed were ones by the? of least 
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¥ formulas, which are thie the earth’ 8 
size and shape. All distances” determined | by triangulation computation were 


i 


“TRIANGULATION ys vais 


a Comparing ym for Owen’s Riv er Aque educt w ith those for the 


Colorado ‘River Aqueduct t, Mr. Bayley explained that for the Owen’ 's River 
project both chained traverse and triangulation methods of "contro were used. 


Although the project was: 200 miles” in length, the total vertical range in 
elevation was not more than 250 ft. as compared with about 3 000 ft. on the 


Cotorade 1 River projec Therefore, for the latter survey, 
every possible combination of pump lift, an area of 
several thousand square miles would have to be carefully mapped. For this 
extensive area the triangulation system of control seemed to be by far the 
best suited and was adopted. With the exception of one short stretch of 
about 30 miles of chained survey, no traverse control was found necessary for 
the preliminary topographic mapping of this tuk 
“As a foundation for the preliminary triangulation work on the Colorado 
River Aqueduct project, the Texas-California Arc of Primary Triangulation | 
as established by the United States Coast and Geodetic Survey was used as a 
geodetic control. _ The stations at the westerly end of this are of primary 
is triangulation were found admirable as bases for the Colorado River Aque- 
= “Along the course of the Colorado River between n Needles, Calif., and 
~ Yuma, Ariz., the United States Geological Survey has established an extensive 
_ system of triangulation for the control of its topographic mapping in the 
river area. This system was tied into as often as possible and was found very | 
raluable in our more detailed surveys along the river, 
)— Geological Survey also has an established system of triangulation in 
Coastal Plain of Southern California. This system is particularly 
extensive in Los Angeles County y and was often used. 
“Tn comparison with the early surveys on the Owen’ ; River 
where many Polaris observations were taken for azimuth control, it is inter- 
esting to note that no astronomical work whatever Ww as found necessary on 
the Colorado River project. With many triangulation stations established in | 
this area by both the Coast Survey and Geological Survey and with published 
records of positions, as well as azimuths and back azimuths between stations, 
the determination of position and azimuth in any locality became very simple. 
a “AIL surveys | on the Colorado River project ‘have been based on the final 
: North American 1927 datum of the Coast and Geodetic Survey, which was 
made available for our use in 1927. This is the final adjusted datum for all 
: triangulation in the western half of the United States. Triangulation adjust- — 
3 ments which were made in our Beaumont Office prior to 1927, » were recomputed 
“The standard datum for elevation has been taken as mean sea level and _ 
_ the elevations shown on all plane-table sheets are based on that datum.” = 
Jo oy to off faa to 9 eet bite 


“The bench-marks as established by the Coast | and Geodetic ‘Survey and 
| the Geological Survey have been made use of for level control. . The elevations — 
used for these bench- marks were those shown in the published Bulletins SA 


= “As a standard of reference, the” particular Coast. and Geodetic Survey 
bench- biliek located in the small park at the Harv ey House, San Bernardino, 
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"project and its "elevation as published Coast is the 


Ten-s« -second and twenty- “second transit theodolites were used 


angulation. work. Angles were read by turning repeated angles directly over 


& center of the station. to Mr. Bayley, ‘the “number of sets of 


titions in each set varied with the require. 


mes station mark itself almost - Aeteniduinie consisted of a 1- -in. iron pipe @ 
Ae with cap set in concrete. A small hole drilled in the center of the cap 
a Bs sa the center of the station. Either a 2 by 2-in. pine mast, varying 
in length from 8 to 14 ft., or a rock cairn , depending upon the length of 
lines to be observed, was erected over the station mark. When the pine mast 
was used, it was plumbed. over the center of the station and guyed by four 
wires. On the top of the mast a bonnet of canvas or muslin flagging was 
constructed for use as a target. ey hid 
soy _ “Sensitive 18-in. or 20-in. engineers’ wye-levels were used in most cases 
' for level control, although dumpy levels were used in some instances. All 
- level lines of importance were double-checked and the errors in elevation © 
@iuteibuted between initial and terminal Government bench-marks. Several 
; - of the level circuits were more than 100 miles in length. In every instance ~ 
a ‘closures on Gov ernment bench-marks were closer than required for the topo- 7 
graphic mapping which followed. fod oli to 
he accuracy of the main triangulation system on the Colorado River 
c _ Aqueduct project is represented by a closing error in a triangle which did - 
a exceed 6” of arc, and had an average closing error of approximately 
8”. This degree of accuracy is approximately that obtained by the Coast and r ] 
: Geodetic Survey in its second-order triangulation work, and was fully suffi- 
igs for the primary en of control i in 1 preliminary topographic mapping. wl 


topographic details “were recorded by ‘the plane-table method. Mr. 
explained the ‘reason for this choice i in “detail. . For example, 


“Much of the territory owns on of 5 000 and 10.000 ft. to 
inch, using a 50- ft. and a 100- ft. contour interval, respectively. For detail — 
work covering narrow belts of topography along projected routes, the much © 
larger scale of 1000 ft. to the inch was used. Maps on this scale usually 
showed contour intervals of 20 ft. , although in some instances, where the | 

; ‘eromnd: surface was quite flat, 10- ft. or 5- ft. intervals were used. ts” 
“Before the plane- table method was adopted for taking topography, a great 
dl of thought was given to the use of other methods. Transit and stadia 
iE would involve the taking of voluminous notes and the burning of 


much midnight oil in interpreting and plotting such notes. Consequently, — 
this method of top pographic n mapping was eliminated. — TS@L odd mo be sets bie 
7 _ “Some thought was given to the practicability of the photographic method — 
for taking contours. The adoption of this method would involve the purchase 
and use of special cameras and the taking of an immense number of photo- Z 
graphs. _ These would have to be properly oriented for position and elevation. © 
_ There» would also be involved the solving of a great quantity of problems in i 
descriptive geometry in order to interpret properly the results. 
This would make the method highly impractical for, arge amount of 
“Considerable thought was early given to the use iced the airplane in photo- 


topographic ‘Mapping, from the to. Los Angeles. At the 
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mencement of surveys sin 192 3, aerial f taking topog-- 
raphy had not been perfected. Every method suggested to us at that - il 
was rejected as unsuitable for ‘the work contemplated. 
4 “Those adv ocates of the aerial method of taking topography, with whom ag 


came in contact, were primarily : aviators; secondarily, photographers; and 


2 engineers and topographers. In each case, the advocates of this process a 


desired a- contract of some sort or other for such work. — Usually, they would 
propose to , give us merely the pictures or possibly a mosaic, and thereafter | we D 


do tl hi Ives, 
were to. do t he topograpl ric mapping ourse ves, using th 1ese ‘photographs, 


plane- -table, and an ane roid barometer, To- ay, the aerial 
method of ‘taking topography has been perfected to such an extent that were 
— the surv ey to be repeated, serious consideration would be given to that method ots 
Mr. “Bayley expressed little faith in the accuracy of aneroid 


ing that experience on the Ower River "projec shown that 


had decreased as the price of instruments increased. 


of he preparation of plane-t table sheets and their use and care in the field 7 


ut 
‘the Beaumont Office blank plane-t table. 24 by 31 in. in size, 
soon as ‘received, were laid out and exposed to the dry air conditions prevail-— 

ing in that locality, and seasoned for “a number of weeks to reduce distortion 


7 to a minimum before any lines were drawn on them. Care was exercised, ae 


cr: 


howev er, not to warp t the surface of t the sheets by too severe a seasoning. — end 


“Atte going: through the seasoning process, a system of -ordina ate lines 
- exae tly 2 in. apart was carefully drawn in both directions, covering 22 by | 
30 in. a the sheet. Lay ith these lines as bases for plotting, the lines of lati- 

- tade and longitude, and the positions of the triangulation points falling on 


the sheets were plotted. They were then ready for the topographers.” 
ror preparing the plane-t table sheets and other topographic maps, the poly- 


oo 2 

-conie projection n met thod of the U. Ss. Coast and Geode tic ey was ‘adopted: 

In Bi res stated Aluigg esonsveis tuclifos 


west: aqueduct, the polyconic projection method is. well. suited mapping 
the several proposed routes. In the polyeonie projection, east and west lines — 
show practically no error. ither do north and south lines in the vicinity 
of a central or prime meridian show appreciable error. _ As ‘distances depart — 
from the central meridian, the north ‘and south distortion gradually increases — 
until it. reac its, maximum at the extreme edges of the projec tion _mapped.” 


ig 
“In laying out the | table a dey parture was ss the 
meted’ of having a central meridian on each_ sheet. _ A system platting 
wherein there was but one central meridian, viz., the 116th meridian, was 
"substituted and all phi ine-table sheets became component parts of a single 
large projection. Due. to this change, some slight error for north and south 
ines was introduced in the sheets lying along the ( ‘olorado River and in the oe 
Bi in the vicinity of Los Angeles. T his error amounted to approximately — ee 
1 ft. ‘to the mile : along the ( ‘olorado River and 24 ft. to the mile in the ia 
Angeles area. In the easterly and westerly ‘directions, however, ‘there was 
| pr: ictically no error, “and this being the main direction of the proposed | 
_Saucdatty: it is probable that the resultant error rarely exceeded 2 ft. to the a 
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&T he advantages of having one central meridian for the dative’ 
were many. First, a system of co-ordinates based on the Coast t Survey 
grid system for progressive maps provided a single mprehensive system of 
rectangular ordinates. This rectangular : system was convenient for laying 4 
out projections, and for 1 many other purposes. Second, the perfect matching | cf 
of one sheet with another at the edges could be maintained throughout, and a 
would be impossible should each sheet have a separate central meridian 
and a separate polyconic projection drawn on it. Third, when determination 
of distances between points on adjacent sheets © was required, | as is often the 
case in laying out grades, the rectangular system of co-ordinates could readily — 
be used and corrections applied for north and south scale error, if necessary. =| 
the edges» of ‘the plane-table sheets were laid out by rectangular 
ada co-ordinates rather than by spherical co-ordinates, we were enabled to orient 
the sheets so that, except in the case of special sheets made for the con- 3 
venience of a topographer when working in the vicinity of a corner, no two 
sheets overlapped or were staggered. Work done on special sheets was later — 
a the use of this system of orientation, we were enabled to adopt an 
ingenious decimal system of numbering plane-table sheets. With the 10 000- 
seale sheets. as a base, numbers increased from left to right, and from north 
to south in decimal order. _ As an illustration, the numbering in rows would — 
be of the order 76, 77, 78, ete., and the numbering in columns would be 
67, TT, 87, ete. “Within each 10000-ft. scale sheet, the 1 000-ft . scale sheets — 


were similarly. shown. Larger scale sheets of 100, or 500 ft. to the 
| were shown as subdivisions of the 1000-ft. scale sheet. A convenience ~ 
afforded by this system of numbering was that the numbers of adjacent sheets 
always known and index references were unnecessary.” 
<ital Mappine (CONVENIENCES FOR THE ; ENGINEER oft to 
th 1e ordinary process of w riting contour elevations: on contour maps, 


- they are made to read from the bottom and from the right- hand side of the | 7 


sheet. _ Experience described by Mr. Bayley indicated that a better w way was 
_ to write all contour elevations uphill. In 
Soe “It is only necessary for the engineer eer busily engaged i in handling topo- — 
graphic sheets to observe one elevation, and not even to read that, to determine _ 

_ which direction is uphill, for the way the number faces determines this point. 
On our Colorado River work, all wig were written uphill and the con- 
for the Colorado 

Rive Roost project was the determination “of the elevations of all saddles ~ 

to be shown on the contour maps. ‘These the topographer usually recorded, 
q but occasionally the draftsman erased when cleaning up the sheets vat 


inking, much to the annoyance of the locating engineer, who was about to 
 -~project a preliminary location to pass through the saddle. On a no 

ot occasions, ‘the loss of a saddle elevation required a return to the field to 

determine such elevation before the projection could be continued. 
a es departure from the customary method of accentuating every fifth con- 
iid on the topographic maps by making it with a heavier line, was the 
substitution of a fine, lack line, while the intermediate contours were drawn 
in brown. This gave the same relief and yet furnished a slight additional — 
convenience when drawing grade contours where the contour lines were very 


"The Tos Angeles Office has constructed relief’ map covering the 
entire mapped. this work j in particular, Mr. Bayley said, 
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G 
contours were pantographed from prints of | 10 000- ft. 
scale plane-table sheets on to sheets of red vulcanized fiber, 4 in. thick. The as 
contour interval for the 10 000-ft. scale plane- table sheets being 100 ft., each — 
-}-in. fiber sheet represented 100 ft. in elevation, = 
ee contour outline on these fiber sheets was then cut to form —_ means 
- a jig saw using cylindrical dental blades. After cutting out the nro le 
the sheets were superimposed one upon the other, and nailed in place with 
bin. brads. : In this mann nner, , the various sections of the relief map were built 


a. in square niles, furnished with horizontal control = 


000 
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_ COMMENTS ON THE TRIANGULATION dit 
io Ugesiiy, said Mr. Reaburn, the Toutes of aqueducts. are fixed by the ous 


ry te ty we 


position and elevation of the source of supply. | ‘This was true of the Owen's 
| River Aqueduct, but the point of diversion pay ‘the Colorado River may be 
F anywhere from Yuma, Ariz., to the Grand Canyon. To determine the econom-— 


ieally possible routes under these conditions required the preparation of a 


ee The manner and accuracy with which this was done w were discussed by Mr. ‘ 


“The system dan: tins. River Aqueduct served not 
only for control of the small-scale topographic maps and the more detailed 
route maps, but will also be available for control of the final location surveys. 
_“The adopted route when finally located will, no doubt, contain many 
miles in tunnel. The measurement of these tunnel lengths over the top by 
- chain is a slow and expensive procedure. By use of the triangulation system 
_ these lengths can be readily determined in advance as accurately as they can 
- be measured by chain after the tunnels have been holed through. > eel 
by Hii “This method was generally used on the Owen’s River Aqueduct and no 
= discrepancies in distance were noted when the tunnel headings came together. 
“The average triangle closure of 3” obtained on the Colorado River 
would indicate a probable error of about 1 in 10000, a degree 
of accuracy _ probably greater than ordinary chaining under desert and moun-— 
tain conditions. On the location of the Owen’s River Aqueduct, a line of 
_ precise levels was run over the entire length of the line, and precise bench- 
marks were established at frequent intervals to furnish vertical control for 
a the level lines run by the | various locating engineers, + and for establishing — 
grade elevations on construction. j= | “aa, 
ae eo “The plane- ‘table method and the transit stadia method are both extensively 
in topographic surveying. The plane table is: indispensable on small- 
- geale work, but on large-scale - detail mapping—of 200 ft. to the inch, or 
larger, where each contour is accurately rodded out—the transit stadia 
a hands of an experienced man, will give the best . . — Se 
art of small-scale topographic mapping ‘requires special ‘training 
over a period. of years, and it was fortunate that men with such training we " 
ay available for the Colorado River work. 
location surveys the horizontal control is usually provided 
chained traverse, and the azimuth control by polaris taken at 
intervals along the route of survey. 
a oat ‘Owing to the convergency of meridians, a correction for easting 


4 


fe or west- 
ie af ing must be applied to the azimuth carried forward through the traverse to. 
a determine the true azimuth at any point. The amount of this correction 

is small when the route of survey is in a north or south direction, and reaches 


maximum when the route is in an east and west direction. 


i ale _ “In the latitude of the Colorado River Aqueduct, the convergency amounts 
es Ree to about 35” per mile of longitude, a total of about 4° between the Colo- 
_rado River and Los Angeles. Both spherical rectangular -ordinate 
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: lines were projected upon the field sheets and the positions ot the triangula- et 


ve tion stations and azimuths of the lines were computed both on a spherical and ~ 

A rectangular basis , the rectangular azimuths being referred to the 116th © 

He re In plane- -table work, the position of ‘the: station occupied is determined by a 


a graphical ‘solution of the three- -point. problem, Reaburn described an 
interesting method, devised by him, for an analytical solution. 1 similar to the 


LS “Tet A, B, and C be the three points of known position, and P the as 
# “Let the unknown angles at A and C be represented by a and g, and the 
obs rved angles be P, We mare: 


x + y 360° — (B+P + P, + Soy verte 


&The 


| 


ie It is evident that if lag 


ea problem will | 
and two. resulting + for of the 


| 
= 
nown 
ra 
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d no the 
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| 
ee method of approximation, the error of orientation is a | by'a a triangle 
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is also apparent that any in assumed | angle or 
produce two values for length of the line, PB. 
_. “In the graphical solution of the problem with the plane- table, by the 
error at P when lines are drawn from A, B, and 
“Th the analytical solution the error of is ‘represented iy the 


a logarithmic difference between the first and second members — of Equation 


a (4), or the logarithm of the length of the side of the triangle of error drawn 

“The solution consists in assuming for. the angles, x and y to 
satisfy the conditions of Equation (1). and then reducing the error by approxi- 
- mation until the difference in log ‘sines is equal to the s second member of 

| ae example, suppose the known « ‘ond observed parts to be as shown in 


Difference in log sine for 2” at 03’ 45” = 5. 


Ck 


“Approximate = 187 8 = 0° 31' 14” 


Approximate = 82° 34’ 59” .8 in. .9.9963512. 4 


werk 
: 


or 


x is to andy 


“Substituting in Equation (2), we the 
ra 
Co log sin P; 0.3044025 7 _ Co log sin P2 © 
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he 
“positions of the otailia stations between tie points, the 


“CONSTANT ANGLE” STADIA SCALE 
R. Jany, * Assoc. M. Am. Soc. C. E. 


- Calling attention to the fact that 1 not much had been said about particular Brite 


¥ “methods of transit and stadia work, in connection v with Mr. Bayley’s paper, aie 


“Mr. Jahn took occasion to describe a logarithmic stadia board and a novel — 
ae ‘The u usual stadia rod is divided in equal intervals. Mr. Jahn emphasized 
- the fact that, when ‘such ¢ a rod is held at ‘distances of 1 500° or 2 000 ft., the ‘. 


__ widths of the graduations are no longer clearly apparent and a transitman 


easily mistake the identification of a major division in concentrating 
on the smaller intervals, introducing at an error of 100 or 200 ft. in n an attempt c «is 


read stadia distances to the nearest foot. ‘add war 


the constant. angle rod “discussed by Mr. Jahn the intervals increase 


», logarithmically from the bottom toward the top. When the rod is held near-by ee 


‘the closer readings near the bottom are in range and, at greater distances, the Bis 


“The graduation ‘under the determining cross-wire of the telescope has 4 


game width irrespective of the distance, at which the rod isheld. 
‘' _ “A slight modification of the adjustment of the transit is necessary. The 
% cross-hairs are moved up so that the lower wire is in the level plane when the - 
bubble is centered. _ The eye-piece is shifted to bring the top wire back into —yv. 
» the field without altering the relation of the lower wire to the level tube. | The aa " 
middle wire now has no special significance except for Teadings at more ua a 
= “Tn use the aa? wire is placed on the ‘target’ at the foot of the way 
be may be conveniently located on the stadia rod at, say, 4 ft. above the 


foot of the rod. The middle and upper wires are disposed along the stadia 
4 on rod — = 


focal length of objective’ 


one setting is necessary for both rod Teading and vertical 
t ‘is important, according to Mr. Je ahn, that ‘the widths of scale- ‘an 


be made proportional to. their distances from the target at the bottom of the 


od oa This width he | expressed as a formula, — 
the width of any interval, dn. Quoting Mr. Jahn further, 
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oe “Tf K is made 0.02303. times the length or distance from the foot of the 
geale, then, by integration, the summation of graduations conforms to the 
formula, n = log, 1, or 1 = 10", in which 1 is the distance, in feet, to the 
graduation, n. Thus, the constant-angle scale. becomes a simple anti-loga- 
_ rithmie scale by which the scale intervals record the logarithms of actual 
| lengths. Hence, the stadia wires register the logarithm of of the rod intercept _ 
is a function of the distance from rodtotelescope. 
 &T his property adds much to the value of the scale. Half intervals—that 
= i is, from lower to middle wire—are always just .301 less than the full intervals 
ie a and recording becomes automatic. In other words, a middle wire reading of 
eo 0.927 is recorded 1.228 without hesitation or doubt [0.927 + 0.301 = 1.228]. 
BS 


urthermore, multiplications are performed by additions. ~The 


of the constant: is seldom the log of 100 exactly, but is usually a 


- quantity, such ‘as 0.002 to be added or 0.008 to be subtracted to give ae 


a horizontal ‘component of any inclined reading is simply obtained by 

_ subtracting 0.000 — 2 log sin a, a small number which usually ranges between 

= 0. 000 to 0.100 and which may be inscribed in suitable manner on the vertical 
 eirele of the transit or alidade. _ The horizontal component can thus be written 
& directly into the notes. Lest any doubt exist, no reduction from logs to feet 

_ is necessary, plotting aioe done with a scale similar to that of the logarithmic 
stadia rod, but reduced to the scale of the map. Thus, a map drawn to a 
oP scale of 1: 31 230 would require a logarithmic scale approximately dyth the 
ete length of the stadia rod, but with similarly disposed markings. It is con-— 
’ a venient, however, to continue the graduations of the plotting scale to 1.301 
Sis which corresponds to a rod reading at 2 000 ft., the doubled half stadia julia 
é 


of 10 ft. (which is the usual length of the stadia scale of this type). 
_ “Having applied the horizontal reduction factor to the rod reading by. sub- 
a tracting the proper quantity, it is a simple matter to obtain the log of the 
_ difference of elevation between the transit and rod by adding the log of the 
_ tangent of the vertical angle to the logarithmic horizontal component and per- § 
- forming the final addition, or the subtraction, of the natural number corre- 
ae sponding thereto to the theight of instrument’. A more convenient method 
involves the use of a nomograph of the H or Z type. _A movable paper scale, 
oe =. divided, and n movable along one leg ~ the nomograph, may be set to 


ao is claimed for this equipment described by Mr. Jahn that it reduces ue | 


time usually required f for observing, computing, and platting by at least 


half and increases the accuracy of the work. He urges surveyors ‘to prepare | 
_ the few necessary scales for use in topographic surveys of the magnitude 


AEROCARTOGRAPH | METHOD OF: PHOTO. 
if ng TOPOGRAPHIC MAPPING jist 
he especially valuable part of this paper was the air 8 statement defining 


common terms used in aerial survey”, said Colonel Birdseye, 
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form”. Careful distinctions were made between ‘the 


camera afford a wealth of detail that could not be recorded by means of either — 
the theodolite or the plane-table without an expenditure of time and effort 
often not justified. In fact, the speaker believes that there are many inacces- | 
sible areas which can be properly mapped by no other method than an aerial | 
one; for instance, low-lying swamp lands or coastal areas. pew betes 

mk “The examination and use of such photographic data require, nadie 
a clear understanding of the principles of prospective and a knowledge of’ 
‘certain controlling factors, such as the position, elevation, and angle of che 
of the camera and the ‘positions, and, in some cases, the elevations of certain | 
ground control points. However, “the use of such photographs without ee 
practical mechanical means of viewing them stereoscopically is apt to lead the 
observer to miss much minor detail which he should have at his disposal. In 
& fact, the speaker believes that it is as foolish for an observer to attempt to 


“study overlapping aerial photographs without the use of, at least, some sort, 
_of simple stereoscope as it would be for a ground engineer to attempt to cll 


inate the use of protractor or a plotting scale.” 


_ Then follow ed a detailed explanation of several of thebe mechanical devices.. 


principle of the ‘measuring stereoscopes, including a so- -called aerocarto- : 


graph, was treate from a | by Captain 
= 


the impression | of binocular parallax, which a 
- that can be measured, the observer is able to evaluate his estimation of relative 
- depths in measurable. terms, provided he has at his disposal an adequate meas- 
| uring stereoscope. If the aerial photograph be considered as made up of a 
large number of dots and two overlapping vertical photographs are 

_ stereoscopically, it is obvious that the observer needs only the relative eleva- ar 
_ - tions of a sufficient number of dots or features: to control his measurements in 
order to determine - the elevations of all of the dots or features represented in 
§ the stereoscopic pair. It is equally | obvious that if all the elevations can be > 
, half the problem of drawing contour lines is solved and tool 

= remains only the need of some device to draw these contour lines to some i? 
® definite and uniform scale. _ This, i in brief, is accomplished by the mechanism — 

of the which i is a combination viewing, measuring; and 


trl oy i 
in this respect, it excels all ‘simple stereoscopes or stereocomparators.” ot haat 


It may ‘be considered: i in thirds parts: The optical, ‘the measuring, and the 


systems. . The optical arrangement, according to Colonel Birdseye, 
_ permits simultaneous observation of two corresponding images of the same 


object, without eye-strain. _ The measuring device, he described as the com- 


is a line- drawing and not a point- measuring 


==: 4, 
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ae, ta 

description of the equipment and methods used in aerial 
| also an important part of the paper. Bor example, 
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With) the instrument he is is now using, , Colonel Birdseye explained that it aa 
_ was not possible to produce maps s with a scale smaller than 1 in 24 000; that i is, dae 


2000 ft. to the inch. © With this scal age with 20-ft. contours, the : aerocarto- — 


[ Papers. g 
cameras 
nsional | | 
DeWitt L. ] info 
required for a “fnished map wit dis methods described by ‘Colonel 
Binders (To 1 this, the author replied that there were so many factors to 
_— consider that a definite | statement was difficult. For example, he pointed out at nn 
on te with a properly equipped camera, the progress may be as much as 100 or _ 7 4 2 
appear- even 200 sq. 1 miles per day. On the other hand, he may ‘only 
with: | or three good flying days during an an entire month.” 4 
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pat For years there was a constant cry to the effect that the engineer did = 


receive the recognition — which he ‘deserved. Lately, the same cry is heard 


although less frequently. In the past there was ‘much to justify such complaint, 


‘seems probable, however, that the ¢ engineer himself is in great degree 


nanan for such a state of affairs in that he has been until recent times F 
almost | inarticulate in the councils of men; and, at this date, while by no- 
means silent, is heard far less frequently than he should be. Iti is astonishing 

how few laymen - know what an engineer is and how he accomplishes the tasks a % 


THis 


- allotted to him, For that ‘situation, the engineer is more to blame than the 


more. re of him a and his work ‘than they x now may ‘therefore. ‘profit 
engineer - to analyze the matter and to take steps to overcome this ‘disability. 


Leaders. of the profession have preached for years _on the desirability of 


= members taking part in civic - and other public affairs, and as time has Bi 
passed, these preachings have some ‘fruit. The engineer is to- -day more 


neers who have given of their time and their talents to public fr gy 


t has been stated that in. | the 1929 edition of “Who’s Who in gone 


are 2 2 858 engineers: and architects, among ‘which 1 number there are 
have been 10 Governors, 18 Members of Congress, 2 Members of the Cabinet, 
the President of the United States. There are also engineer 
dents and a number of other engineer “executives in large and important 


corporations. The profession is in chambers of commerce and 
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i Notwithstanding these facts , there appears to be an palin abysmal i igno- 
rance on the ent of the layman as to what an engineer is and does. He 


knows that the | engineer | builds bridges, but he has no conception as to the 
designin of such structures, which must precede the construction. Be knows 


that th engineer builds subway systems, railways, manufacturing plants, 

- water- r-works, but his information does not extend to any conception of 

i yhat the | engineer must know and do to plan su such works in an orderly ¢ and 

manner before the actual | construction may begin. 

_ From his contacts with the doctor in the sick room or with the lawyer in 

‘te court room, he has some idea as to how the members of those honorable. 

professions function. He is practically never present, however, at. any stage 


the work of the e engineer, except that stage in which ‘the construction is 


progress manned almost wholly by laborers skilled and unskilled, and, 


therefore, he has : no visual evidence of the guiding hand and brain of the 
engineer who planned the structure and who directs the details of its : execution, 
an is a fact that i in his ‘daily life the layman is in more frequent contact _ 


with the products of-the brain and skill of the engineer than with those of any 
at other: calling, but he takes these things as much for granted as he does the 


sunshine and the rain. The water in which he takes his bath; the electricity 


; ue and gas which furnish light and fuel; the transportation isiidts which bring 
his food to his door; the street railway, the automobile, or the railroad, which — 


conveys him to office; ‘the office itself, with its equipment of 


achievement « as are oF “daily ‘use, such | as t ‘the ‘telephone, 
the telegraph, the radio, and the airplane; far | as conscious thought 


to the average layman they ‘ ‘Just “happened”, and he he: them 


The’ Jorld War was often spoken of and written about as an “Engineers 


although it would be hard 1 to find in any ‘such spoken or written 
ment any information as to what made it such. engineers, we have knowl- 


edge of those factors which caused it to be so designated. The various agencies _ 


whereby large bodies of men and large volumes of. supplies were tradsported 
* handled; the various means of ‘rapid communication, ‘such as the tele- 


phone, ‘the and ‘the radio; ‘the submarine and the airplane; guns 
large and small; and explosives of all and | for all All 


‘ing 


vemmen 


EY 


a some of whom showed a desire to on the public favor 


a themselves engineers or by attaching the word, engineer, to the ae ‘a 
of their We thus had Forgery Prevention Engineers, Milk 


ae While the profession m may have suffered to some extent from such } praction 


on a the these unauthorized persons, it i is certain that it was 
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others. Among those from which the Engineering "Profession. 

mn suffers and must continue to suffer is the fact that 80 large a percentage of we 
its members are salaried employees. Whatever his capacity, the salaried 
ployee must attain a position on some importance i in the organization to 4 


he is attached before he can expect to receive much consideration outside 
that organization. his contacts with other men, he is handicapped by being 


subordinate. He cannot be the master of his | own time, nor can he be as 


free and indeper ndent in the expression of his s views as are those who both 


and. speak for themselves. Under such circumstances, he is far Jess likely 
to seek or to accept opportunity for public expression of his | views than i is the | 
dal 


of any calling who is not on anybody’s payroll. Te 


In the performance of his professional work, the engineer is far more 
Os 


accustomed to the quietude of his office, his drafting room, ¢ or his home, where — 


he analyzes data, studies reports, and the like, than he is to making public 
talks or speeches. His whole training and experience makes him 


er 
"hesitant i in presenting his ideas until he feels that he has fully matured them 


_ These considerations being understood, it is easy to see why the engineer = 


mitt been more or less inarticulate, and it is surprising that he has progressed 


as. far as. he has into the public consciousness. . No man or set of will 


ev rer get very far or make much ‘progress s if satisfied with the quo., 
A healthy state of dissatisfaction is necessary. to progress in any branch of human — a4 
The somewhat remarkable progress of the of Engineering 


bears testimony to the fact that the engineer has that healthy state of dissat- a 


isfaetion. 


+ While no such has been made i in the status of the as 


* ) the e status. It is ; rather an indication that "the engineer Megs more lively 


_ interest in 1 his work than in himself. 


In an attempt to bring about some improvement in the status of the engi- 
‘ Te neer, the American Society of Civil Engineers has within the | past few ‘months — 


, ~ adopted a program for the broadening of its activities so as to reach into fields me 
not hitherto covered by it. Committees have been appointed and have begun 


to attack the problems assigned to them, so that w ork i is now in progress in a 
Gs number of ways looking toward the desired end. The task is not an easy 
one, nor is it so definite in ite nature. as are “many of the ‘more technical ‘ones: 


the engineer must approach. Also, it is task which cannot wholly 
be accomplished by any number of committees. The task of the committees is. 


mee one of determining | upon the best means to be adopted to achieve 
— individual member of the profession has a duty to perform to attain 


Each 1 man may be and s should be Satis of infection 


avail himself of reasonable o to convey to the minds a 
others s those e things which the layman _— know of the work of the e engineer 
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of individuals in inning: bits of information presented. ak, 
There are many most interesting facts which could to. 


be 


Ale 


minds of the hearers: a better understanding of the m 


Those who avail themselves of such ‘opportunities are almost certain to 
ie ‘individual reward even though they do ‘not seem to seek it. Every man 


onveys an interesting bit of knowledge to a fellow man attracts some > 


measure of attention and respect from that fellow man, and ‘such respect 


oil. 


7 r. and recognition by one’s fellows in sufficient number will assuredly result to 


be _ The engineer is as anxious for | opportunity to improve his earning capacity 


: 3 as any other man. He is as ready appreciatively to accept added income and = 


better surroundings as the one. it has been charged ‘that he is not as 
ae 


ready and willing to assume civic duties which do not carry ‘financial returns. 


ie It is more likely, however, that he is not tendered such duties so frequently — . 


Bz X as are the representatives of other fields of endeavor, and this for reasons which 


have hereinbefore been noted. Such assignments are “not infrequently the 
_ means whereby a man may disclose his capacities, a and they sometimes result 

Le The engineer is apparently often overlooked in the community in which - 


; he resides, and he has always seemed less ready to push himeelf forward and a 
to express his thoughts than are ‘men th « other ‘avenues of life. It is only when 


3 aman has achieved some d degree of prominence that his words are likely to - 
bez with respect and attention; and the engineer being i in the mass modest, 


one might say “super-modest, appears to hesitate about taking issue on 
other men who either have or positions of 


Possibly local sections of the National Engineering Societies and local 


_ engineering ‘societies may aid in bettering things. | They may be able to foster 7 
ee ‘proper public spirit among their members, and no doubt there are oppor- 4 


; tunities for them to put forward men for civic and other public work wis will 
Sze 


reflect credit upon themselves and upon the profession. . The engineering 
— es and individual engineers should hold themselves in readiness to grasp 


opportunities of this nature as may come to them 

< 3a The American Society of Civil Engineers has now definitely set its feet in 


ee” this direction and without doubt will continue in that course. Wi With a reason- ‘Se 
amount of well-directed aid on the p. 


part of the individual members, it F 
safe to predict good results. is to be hoped, however, as 
profession ‘and as a Society, v we shall never become wholly “satisfied”, as in 


t would lie inertia, atrophy, and, ultimately, dissolution. 
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AMERICAN SOCIETY OF CIVIL ENGINEERS teri 


This, Society is not ‘responsible ‘tor any statement made or ‘opinion expressed 


The paper shows that, for handling large volumes of trafic 1 


congested areas, highways should be designed for the main ‘purpose of trans- 
~ portation rather than as adjuncts of the abutting properties. It is pointed — BS 


“out that where congestion of existing city streets interferes with the 

reasonably free passage of vehicles and pedestrians, highways” of the type 
; ‘described are necessary, n not only to expedite through h trafiic, but also to restore 
‘Next, there follows” a brief description of the through trunk highway 


“recently built by the State. of New Jersey ‘through J ersey City and Newark; -- 
discusses” the factors which influenced its location; and develops a general 
" economic theory which governs the relation between cost of construction and 


the | operating costs of vehicles. using s highways of this character. 


rf ind bas sew 


to within very in large part dive’ been 
. ments of the old trails made by man before the eras _ of whee led vehicles, or SS 
they have been laid out as means of reaching real property. Their design 
and construction as elements of “transportation a are very recent and this is 
_—-Tequired of course, by the intensive development and use of motor vehicles. — 
x Older. Highways. —Economic factors developed by the use of hard surfaces 
F = for highways were probably first recognized by Macadam and others 2 
end of the Eighteenth and the beginning of t the Nineteenth Century. 1 


me ents to determine the tractive effort required for haulage over various types 
of road surfaces were made by several 1840 and 1850. 
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"HIGHWAYS ELEMENTS OF TRANSPORTATION 


Pas In spite of the fact, however, ad. the 
surfaces, and the tractive effort required to haul loads, was recognized nearly 

a century ago, by a few competent ; engineers—men who recognized the prin- 
ciple that true engineering and economics are indissolubly "linked together— 
there has not been, : at least ‘until recently, any attempt to actually evaluate 
‘the effect of the e different elements of the location and types of construction 

on the cost of operation of the vehicles u using the highways. 

Motor Vehicles and Modern Highways.— The introduction of the mc motor 


= vehicle has had a a very notable effect ‘on the construction of highway pave- 


ie iy ments, and has 1 ‘resulted also in certain improvements in alignment, rates of of 
gradient, rise and fall, ete. Expenditures for these pt purposes" es have been 
enormous and are continuing at a rate which is siheniiat staggering. _ Changes 
Za 14 in the locations of existing highways, however, are quite definitely limited by 
a long established conditions; such roads are an integral part of individual, as” 


well as municipal and State, property rights; and any contemplated change» 


‘There has developed, however, in recent years a demand for a nerd type 


—_ right of ¥ way y and designed and built primarily to “meet a demand ~~ 
transportation. Such roads must ‘necessarily be design ned from the point of 
ae — of their users rather than that of owners of abutting property. et ee 


ay ‘The design and construction of this more modern road are based primarily 
on the needs of a large volume of intensely ‘mobile traffic wh which desires to 
move from one place to another with the least resistance compatible with the 
physical conditions | of the territory through | which it must pass. It is 


of modern transportation Tecognized and pro- 


‘Transportation a a ‘Factor— —The century has shown the ever-increasing 
necessity and value of transportation as a factor i in the development of com- 


& merce and as perhaps the most important and dominant factor in modern 


railway was was and still is the most important element in this 
oe modern tri 


Modern busi- 
ness” requires ‘that railway traffic should not be delayed stops at grade 
crossings, , and the modern efficient railway is designed with alignment, 


of gradient, rise and ‘fall, ‘multiple tracks and every adjunct necessary to 

the free, rapid movement of its traffic. 
same 2 conditions apply in degree to the type of highway herein 7 


volume of business handed has. permitted large 


not only ‘moved in quantity at high speed, also at low cost. 
Highways must ‘be developed to ‘permit the same safe uninterrupted flow of 


heavy traffic as now obtains on a modern trunk- railway, and the | cost of 
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HIGHWAYS AS ‘ELEMENTS OF 


4 
: “These results on the stinents have | been achieved by a careful. consideration t 
the economic values involved, the relation between location, costs of 
struction, and costs of operation. A similar era is impending in connection — an 


the construction of highways. The following discussion follows the 


principle. of the “Economie Theory of Railway Location,” developed by the 
late Arthur M. ‘Wellington, M. Am. Soe. O. E. bet 
Need of Special Highways.— —It is not only necessary to provide smooth 
pavements as a matter of comfort and convenience, | but it is more than ever — 
necessary where the traffic demand is large, to provide for the free uninter- 
4 rupted flow of the through traffic without interference with local uses. | weet 
a. In open country the ordinary types of modern highways can and do carry 
traffic 1 reasonable and dispatch, but in the of large 


streets may serve local needs and abutting 


Ani 

Route 26, New Jersey. nature of the and. 

of solution can best be indicated perhaps by a description of the design and “4 

construction of the arterial highway between the Hudson River and Elizabeth, ay ’ 
known as Route 25 of the New . Jersey ‘State Highways. ‘This is also’ “the 
: eastern end of the transcontinental Lincoln Highway. It has a roadway 50 + 
ft. wide, sufficient for five lanes of traffic, maximum gradients « of 3.5%, and — a 
curves with a minimum radius of 1.000 ; ft. 02 


ie At its eastern end (Fig. 1d it connects with ‘the Holland Vehicular + 


Tunnel under the Hudson River. 3 Thence, it passes: through Je ersey City and i 
thus over the rie dike which divides the Hudson River from the valley of | bg 


crosses this valley” in the lower part of the Town of then by-t 
the. City of Newark, skirting the edge of the uplands and ‘meadows, and, 


finally, crosses the meadows to the City of Elizabeth, which it connects 


The first 8 miles of this fouite’ are without crossings of other highwigw at 
grade, thus providing for the free, uninterrupted flow of traffic through thie 
highly congested a areas” of Je ersey City and Newark. Provision. is made, 
course, for connections with important highways by ramps, thus avoiding all baa q 
erose-t traffic currents. we This 8-mile section was estimated to cost $25 000 000, 

ay and, in connection with its location and design, a careful study was made of 

General Considerations ns Affecting Design.—The so-called “Metropolitan 

Area of Northern New J ersey comprises Cities Bayonne, J ‘City, & 
Blizabeth, Newark, 280 , and other 
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Nay Wa cipally concerned and its object 1s to emphasize the need of ma king such a : 
design and considering such highways on the basis of their efficiency as ele- 
ments of transportation. These are trunk highways, located on their own 
tof Tights of way and designed primarily for the economic movement of a large 
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ma point of view it constitutes a continuous, 

densely the City of New York and the South 
and West of the United ‘States. It is also in itself both a source and a 


Bs _ The Western States may be reached from New York City by traveling © 


_ northward along the Hudson River Valley to Albany, N. Y., and then’ striking 7 
:. West, but the natural route is to cross the Hudson from New York City to 
Jersey and continue > westerly. Such traffic must then necessarily 
through t this ‘congested zone, as must, of course, all traffic destined to the 
Coast resorts, to Tre Trenton, Philadelphia, Baltimore, ‘Washington, 
The construction of the Holland Vehicular Tunnel concentrated a large 


ie part of this trans- -fluvial and transcontinental traffic at the lower end of | 
York an and at the most congested ; area of Ji ersey City. | West: of the Hackensack ¢ 
_ endl Passaic River Valleys the traffic again b had to find its way by many twists 

roug 1e overburdened streets e Cities o ewark an 
d turns through th burdened streets f the Ci f Newark a . 
The primary cause consideration of this highway the need seal 


relief for these overburdened streets in J ersey City, , Newark, and Elizabeth, 


A 


> move 

do business except reat ex ense and delay. 
‘Traffic counts at fourteen points in the City of Newark showed increases 


As? — 6 The i increase in » traffic on n the r main | State highway a at Rehway 
- just south of Elizabeth between 1921 and 1926 was from about 12 000 to 44 000° 
vehicles for a ‘24-hour period, that is , nearly fourfold in five years. Other 


7 
indicated similar increases throughout the region. to Df bas 


| bh Most, of Northern New J ersey is not only a manufacturing district of great 

importance, but one so conveniently accessible to the Port and City of New 


Mi York and to railroad and highway transportation, to a great labor market, — 


i and to financial centers, that it is destined to continue to grow, and probably a 
_ grow very y rapidly, i in importance, both asa manufacturing, retail business, and 


This highway, ‘therefore, has two. important purposes : :It will permit the 
rough 


hi ghways free for their normal local “uses; and it will: permit easy, 
‘access between various points ‘in this area, and between all these points and — 


New York City. te Further, the great airport built by the City « of Newark, 
ics although separated from Broadway and the down-town business district of : 


ew y York City by 10 miles of congested and d densely built- “up territory, can 


be reached over Route 25 within 20 to 30 min. ‘cot 

Amount of Trafic. developing the economic factors to determine values 


the physical: characteristics of this highway, curves v were platted showing 


actual existing traffic, its increase during the ‘previous few years, and 
probable future increase. These estimates not ‘only were based on counts 
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August, 1930. HIGHWAYS AS ELE} EMENTS OF ‘TRANSPORTATION 
= traffic, motor vehicle r registrations, etc., but they were checked by traffic 
ks statistics of other carriers, such as the ferries, railways, | and the Holland — 
ake by charts of the growth of population and use of motor vehicles, by 


similar statistics of other areas, etc. , and by the pecul of this 


The application of these data to the future is a ‘matter 


had judgment, but, reviewing “all 1 the i information n assembled, it 


would use it, in order to obtain a basis the 


“expected to four lanes of continuously moving tral with o one 10- ft. 


indicated that with freely. y- moving ‘number of vehicles pass 
a given point when n moving at the rate of about 15 to 20 miles pe per hour. | On we: va 
this assumption | four lanes would give a maximum m capacity of 5 455, vehicles 
‘per hour. It is well known, of course, that traffic not only varies throughout +s 
the hours of the day, but oath on different days of the week and at different 


The number of which can use any given highway ¢ at times 
_ maximum demand also depends | on the proportion of trucks : and busses: or 
other types o of heavy vehicles to lighter or non-commercial 1 types. 8. (It is no 
Route 25, it was neces p ain 
times, as for traffic to and from the We J ersey resorts over week- -ends, 
to football games at Princeton, etc. The computation of the daily traffic, 
- therefore, was based on on the. assumptions in Table 1; and it will be noted that, — | 
at times of peak traffic in one direction, it was assumed that the traffic on MS 
the ‘other two lanes w would be at half capacity. po RE 
- Based on these assumptions, therefore, and on the | desire to be quite ae 


-servative in all estimates, it ‘was assumed that the ‘maximum traffic would | 

3 600 vehicles’ per. hour, and the average, 54000 per day, with a total of 

Economic Factor 


RS 


et Cost of Delays— —One factor of great importance ¢ economically is that of 
‘ti cost of delays, , due to interruptions at grade crossings with other high- 


ete. factor, of f course, , has not been in railway practice 


ation ‘of e time lost “each vehicle and the total time lost al 
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AS BLEMENTS oF ‘TRANSPORTATION 


It is “also, that at grade ‘crossings will 


es reach a maximum at times of peak loads, and be almost nil at hours of — 


minimum t traffic. At a drawbridge the amount of delays will be the time lost — a 
by the number of vehicles held up during openings§ 


TABLE 1.—Estimate Route 25. 


PER HOUR PER LINE. 


| 


od ‘tad 1 800 


4 


| 


_ Due consideration also must. be given to the loss involved by reason of 
d 


the decrease use of the highway asa . whole, 01 or at least on the section affected — 
_ by the: delays 


s. I for instance, the normal capacity of 20, cars per lane 
min. is reduced by reason of delays to “15 cars, the traffic « capacity of the | 
_ highway at times of peak k demand i is reduced by 25 per cent. Voviowbly,: also, a 


use the highway and not for which use > it if, 


‘traffic flow were free and uninterrupted. 


In th 


of other facilities necessary to take care of the not 


On Route 25, it was estimated that if the traffic were delayed at a crossing : 


‘at grade with another highway ‘under such ‘conditions that the traffic on 
main 


highway could fi flow continuously for 3. min. and be interrupted for 


the ‘daily loss to the traffic on the two highways would be 


On the main highway... 


14589: car- min. per day 


asryit- 


23 632 car-min. per dé 


— 
at 2 
| 
— 
whi 
— Ri 
an 
— 
i ; duction in this capacity must be evaluated on the basis of ig hi 
— 


a re To be conservative and in view of all the conditions it was s further assumed Pag 
that the loss per annum would be at the rate of 7 000000 car-min. ot ra 


Assuming (on a basis be developed) that a -car- ar-minute may be valued 


~ 2 cents the yearly loss at such a crossing | will be $140 000. . This, capitalized 


at t represents | a value of $2 333 000. In addition, it's was estimated that 
; of these delays, the traffic- -carrying capacity ‘was reduced by 12. 1 per rc 


cent. If the cost of the highway be assumed to be $22 000 000, ‘then this loss 4 _ 


in efficiency can be calculated to be $2 662 000. The total amount, , therefore, 
which might profitably be spent to isolated crossing under 


conditions assumed would then be approximately $5 000 000. 


ie: course, if there were a @ group of crossings more or less close together, a 


and if the traffic “were properly regulated by system of adequately 
- trolled and synchronized signals, the economic loss due to the group Ww would be + a Ae 


only slightly greater than thi that due one crossing only. It wa 
* that the amount which could profitably be spent to eliminate a group . of from 


two to five crossings would be as follows: 


Rs It will, be obvious, of course, ‘that this aspect, as in fact all other aspects, 
he of. this problem, must be studied carefully from its own individual point of 


= taking into consideration the effect of all Jocal conditions. - The mathe- 


matical computations must necessarily be m 


Drawbridge Delays. 25 had to cross the ‘Hackensack 


ra "Rivers. - The crossings of these rivers were studied by the writer for tunnels, toa 


and for bridges with movable ‘spans having 35 ft. clear head-room above 

mean high water as ‘required by the War ‘Department, (Later, studies 
made per fixed spans with 135 ft. clear head- room.) dy 

The data on which calculations of the of delays at the drawbridges 
a were based, were taken from the draw- tenders’ records at adjacent bridges on 


the two 0 rivers. ‘These’ showed the number of 0] openings, duration of ea ach, a and oS 
time of day. using these data account was taken of the fact that the 


proposed bridges on the new line would have 35. ft. clear head- “room 


i high water, when closed , instead of the 10. or 12 ft. of the existing bridges, 


and ‘this requires fewer openings, as of the river traffic could then pass 


without affecting the drawbridges. 


As in the case of crossings with other highways, two were 


was applied the of cars estimated to use the highway during 


ig that hour, and ‘the joes in car- minutes thns calculated 
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i decrease in capacity of the highway. In estimating the actual losses to 
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‘These two items for the two bridges were evaluated as f Séliows: 


traffic delays, 32 470 000 car-min. at 2.0 cents db 
per min., $649 400 capitalized at 6%........ . $10 823 000 


. . of efficiency, 6.38% of $22000000......... 1392600 


openings of the drawbridges. . é $12 215 600 
Value of a Car-Minute. ,—Reference has been made to the value of a‘ ‘car- q 
minute”, that is, the costs of delays per ear per minute. Of course, this differs” 
for each type of vehicle, but the general methods of estimating it are the 
oe same, except that for commercial vehicles there are more definite charges for 


delays which prevent the operation of this part of th the owner "s plant . It will 


be realized that a ‘motor vehicle used for commercial purposes is just as 
Ss part of a manufacturing plant or selling organization, as a machine in 


a factory, or an employee in a store. 8 If idle when it might be working, it 
commercial motor vehicles, therefore, the stoppage is an element of 


exp expense. For non-commercial vehicles, however, the loss is not so clear, as, at 
oa rst ‘thought, it would seem to bea matter of comparative | indifference whether 


passenger arrived at his destination 2 or 3 min. earlier or later. 
: An experience with a taxicab in a traffic jam is, however, an illuminating © 
eo example 0 of what these delays: actually cost; and if, for instance, one happened — 
to be in a line waiting ° to cross ss the Hudson River by ; ferry, on one would. usually © 
a be willing to pay something extra for the ‘privilege | of ‘moving up to the head 


the line and avoiding the delay. ‘The extra payments ‘made to agents for 
theater tickets - to avoid waiting at the box office, the rush for the first car of 


train, etc., are all ‘evidences of an innate ‘realization of the costs of delays. F 


SERA 


rn The value of this economic : factor of loss due to ‘small delays has been doubted 


many, “not only laymen but | engineers nevertheless s, it is a factor which 


_ These delays, of course, affect only some of the costs of oper: ation. For pur- ki 
ie. of analysis the average costs for a 3-ton truck for one year in the vicinity | 
of New York were used for these estimates approximately as given in Table 2 2. 


Depreciation, average life of 5 years... 
Driver’s wages, 300 days at $5.60 
License fee 
Gasoline, 6 miles per gal. at 25 cents 
Lubricants 


Repairs and maintenance 
Miscellaneous 
li Overhead, 20% 
Total 


If a vehi cle be delayed or laiaapuar certain expenses continue, such as Items — 


2, 3, 4, 5, and 11. ‘during t the delay the “engine continues 
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also, of course, a certain a consumption of g 


"Using the data in Table 2, and making similar allowances for light tek 


- ‘mercial vehicles and passenger cars ‘used for commercial purposes, the follow 


tracks 
_ For light ¢ 


For non- -commercial vehicles. L 10 cent per car- min. 
further assumed that for ‘this particular highway, 


Savings in Distance—The economic effect of distance may be considered 
under two headings: : Time, | and operating cost. ‘The value of time has | already 
Se been studied i in connection with delays at grade crossings | and at drawbridges. 


me. remains, therefore, to consider differences in operating costs due to increases 


decreases of distance. These» will be considered without reference to other 


elements, such as curvature, rise and ‘fall, rates of gradient, or pavement 
surfaces. cost of distance is affected, of course, quite appre- UR 


 ciably by differences in _ types of pavement, but i it can be assumed that the 
$ pavement will be of the same character on any two locations of the same route 


which» may be under comparison, and that for this type» 


in conditions of efficiency. determination of a cost: unit, therefore, is 


‘not a matter of scientific accuracy. It has seemed possible, however, 


develop a average figures which are ‘sufficiently accurate for the purpose in view, % 


_ that is, the comparative operating costs of two locations on the same route on 


the estimates for Route 25 a ‘comparison of operating costs obtained 


arious ‘sources indicated that for the items affected, namely, depre- 
eS ciation; fuel ; lubricants; tires; repairs; 2 and miscellaneous. (see Table 2), ‘the 


ae following is probably a fair average cost of operation for the traffic expected — 
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$400 248 per “annum, "Which, at 6%. ‘indicates ‘that 
if By $6 670 000 might profitably be spent to save this distance. oa PATON BAST 


moderate ascending gradients i is no greater than on the level. While this may 
be true, it is | perhaps reasonable to assume that such deficiencies may de> 


corrected, ‘and that the additional cost of operation on ascending gradients is 
to raise the load to a given height. 


Experiments made at Towa ‘State College* indicated that the work | done — 


a motor vehicle to raise a a weight toa height of 1 ft. : is jcc 
equal 1 to the force required to propel 1 the same weight over a level distance of 


Taking the data previously used, it will be found that for 


ay, car on good pavements, the cost of producing power only, that is, fuel and 
oil, is appr roximately 3.22 ets. per mile, or about 0.08 cts. for 50 ft. There- 
fore, , this may be assumed to be the cost of raising the sere, car (on oe 


It is. realized, of. course, th that on highways on railways, momentum 
overcome certain smaller ‘elevations without expenditure of power. oy fi 
is considered further that the expenditure of power on light rates of gradient — 
within certain limits, of height may be negligible, but.n no ems 


cand fall, but ail: were believed to be conservative ‘to ‘represent 


1 tt. of 3 ‘Tise > and 


to eliminate 1 ft. of 1 rise and fall. 


_ However, after due consideration of all the factors may id 


noted again ‘that this is a purely arbitrary assumption—it | decided on 
- ‘this Route 25 that values for rise and fall should only be applied to gradients if 
Yo more (the 8. and be for total of 


For tota 
elevations of: 


ft., or less. 
ft., or more. . = 800 


paved- non- skid” (granite block) , 50 ‘ft. wide, 
— little or no effect on operating costs or capacity of the highway to carry traffic. a 
als 
* “The Economics of Highway Grades,” by Am. Soe. E., Bulletin 65 
Experim nt Station, Icwa State Coll., Am 
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oy 


However, for highways ys with s sharp curvature, where visibility i is reduced, or hi 


conditions | exist which slow up traffic, ‘there will bé costs due to delays 
in cases of maximum traffic demand, , costs due to ¢ a decreased capacity of the vite 
Evidently, a a certain amount power ‘is required to change the direction 

e of a moving vehicle, but, so far as the writer knows, no experiments have been - 


to determine how much this be for vehicles. Prob- 


me 
“two of factors location of a new ¥ the character 


of the and the need of 


tobe served; and 


‘proposed it as an extension of old Route. ran to 
westerly boundary, of Elizabeth. Na This extension was, therefore, to run from ie 
(co ‘Rahway Avenue, at the westerly boundary of Elizabeth, to the J ersey entrance 1 
‘the Holland Tunnels in J ersey City. | 


¥ On Fi Fig. is shown the original “Advisory Board” route and the location 
bas 
* finally adopted for Route 25. It is worth while noting how physical and 4 


other conditions| affected the location as. well: as how economic factors were 


Governing Points.— Doubtless if only ‘through traffic traversing the whole 
length of the route were to be considered, in the quantity of 15 000 000 


_ ES 20 000 000 vehicles per al annum, and if only the economic factors governing ad 
ke 2 cost of moving it were taken into account, economic justification could be 
"shown for a practically straight, almost level, line from the Holland Tunnels to 


at least the easterly edge of Elizabeth, passing through Jersey City i ina déep- 


This win considered impractical, inasmuch as 3 this 

ighway_ was required to serve the requirements of Jersey City, making con- 

— with its street system. Along t the westerly side of the top of the : 

g. 1) there already ‘runs a main north-and- south artery, the Hudson 

Boulevard, with which connection also desired. - It was further 


Wa necessary to provide for joining the ‘new north and south ‘State Highway 
(Route 1927) which it was expected (in 1924) would come in the 
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Fie. 1.—Map OF JERSEY CITY, NEWARK, AND ELIZABETH, N. J., AND CONTIGUOUS TERRITORY, — 


SHOWING LOCATI 


- These considerations determined the fact that the line would have to go 
“over, instead of through, the hill, and an inspection of the profile, Fig. 2, will” 


show that, ‘in order to avoid crossings at grade with the Tersey City 
ssings u under the streets ; would probably be preferable to crossings over them. 


_ ‘The maximum ‘gradient of 3. 5% on both n sides ¢ of the hill just permitted the 

Tine to reach the elevation 1 necessary to go ur > under the streets. It also permitted 

‘solution of the ramp connections to the “main cross-streets- 
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Fic. 2.—GENERAL PROFILE, 25, UDSON RIVER TO ELIZABETH 
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ol I however, further justification were required from the point at view , of : 


fess economics of operation, it’ / may be noted that, for an overhead line; the differ- 
in n elevation would’ have been approximately 40° ft. , and this aloné would 


have justified an additional expenditure of $91 800 40 = $3 672 000, for the 
line. No caleulations were made in this instance to show, the 


‘difference in construction cost between an overhead and an ‘underground line, 
A cause it was obvious tha that the lower line permitted easier solutions of the a 
problems « of connection by ramps to the important north- and-south highways. Didi i 
ee it was fairly evident that an overhead line could. not have, been. built for cm 


$3 672.000 less than the underground | line which actually was built. Further. 


more, an overhead line wo ‘ould have been objectionable from an. esthetic point 


‘Careful consideration was given to the problem of ventilation of the lower- 
evel line. 52 It was thought that, with openings _ at. the s southerly side for at 


esting details this Hee are clear from Fig 
ie 


Fig. 5.—TypicaL SECTION OF DEPRESSED HIGHWAY. THROUGH JERSEY City, N. 


Location Through. Jersey City: —OE, the various lines for the route through 
_ Jersey City (Fig. 6), the “Advisory: Board”. line was objected to by ithe.‘ = 


ere: of Jersey City; because it was p proposed abi an’ open cut and it was felt j 
that the two already existing open cuts, | of the Erie and Pennsylvania Rail-. 2 

toads, had created: undesirable’ barriers across the city. | Further study of, thie 

_ character « of the line also indicated that the: selection of Broadway’ (on ‘the 


west side he city) for route was not entirely desirable. 


ae least one- -half the e length « and ‘the » overhead v ventilation space | on n the southerly Pa 
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Erie Railroed Company objected to the use of its property on the 
outh side of 12th Street because of certain plans it had for warehouse develop- 4 
s ment there. This brought u up ‘questions: of right of eminent domain as between 
the Railroad Company and the State, w. which, if carried through the Courts, . 
as they might have been, would. have indefinitely delayed the work; ; 80 that, 
a had the question been resolved in favor of the State, the delay made som 


Studies were made, as shown by Fig. 6. 6. T The Railroad Company 


Railroad Otay, ‘the filing of injunetions, an agreement was 
resulting in the location ‘shown on Fig. 1. This provided that the highway 
be located alongside of and to the north of the Erie cut, that it be till 


and that it have a roadway on top (Figs. 4 and 5). 
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‘ 6. oF VARIOUS LOCATIONS THROUGH JERSEY CITY, 


In he location careful consideration 


elements i invo 


valuations the creation of a broad boulevard ercesing J ersey 
Fig. 4). All the governmental ‘entities involved, ‘City, County, and State, 
are vitally affected by these elements and they exercise a considerable influence ~ 
the determination ‘of locations. 


‘The decision finally arrived a require a deviation from the general 
traight direction of the route, Pd being justified by several reasons: First, 
4 it was desirable to meet the demand of J Jersey City that no additional barriers — 
2 be built across the. city, such as the open cut first proposed by the “Advisory 
Board”. The controlling argument, _ however, was that proper 
between ‘Route 25 and the Hudson County Boulevard and Tonnele Avenue — 
could be made much more satisfactorily at or near the point where the line, a a8 | 


finally located, crossed them than elsewhere. xd A further reason was the possi- 


op bility of obtaining a location, through that part of Jersey City west of oe, b 


uld not be — expensive and on 
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August, 1930.) monwars As “ELEMENTS OF “TRANSPORTATION 


which grade crossings ovald be No other location: was a8 


‘Secondary Governing Point in Jers ersey City. —All these considerations led 


to the establishment of a “secondary governing point in. Jersey City in the aa 


_ vicinity of the er crossing of the Hudson County Boulevard and the Erie Rail- 


| road. - It seemed possible then to draw a straight line for the location from __ 


this point to a point on the easterly boundary of Elizabeth, 


Reconnaissances through: Elizabeth had indicated this second 


the location of as. now built through Spring Stre 


westerly objective, or governing point, however, was modified almost 


oa by the need of reaching the locality where Routes 21 and 29 now join . 
- this highway (Fig. 1). ‘In some degree this was influenced also by the fact “ae 
that the City of Newark had acquired ‘and partly graded a a right of way from . > 
near the airport to the Elizabeth line, which could be utilized for the highway. — 


developed further that the Lehigh ‘Valley Railroad Company owned 
right of way between its : Oak Island Yard and the Newark Plank Road which re 
it was: | willing to dispose of. _ Inasmuch as as this right of way followed along a 
the edge of the upland ‘(that is, was on the upland), whereas the straight line 
was wholly on 1 meadow land (marsh) this right of way as part of the route was b 


A 


Secondary Governing Poin it in Newark.—The adoption of the Val- 
governing point in Newark just west of the 
Passaic River on the Lincoln Highway from which a pe line was pro- 

jected to the | location in J ersey near r the of ‘the’ ‘Hudeon: 


fait 
tt 


Ramps AT SOUTH STREET AND AVENUE, 
a to ‘Newark streets system was mad between Wileon 


. and South Street (Fig. 7). In working this out the State took over 


Pennsylvania Railroad Companies" which involved the abandonment of Port 


Street, thus permitting the development of the Oak of these 


as 
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on port, and Port Newark. This is an important example of effective co-operation 


those affecting the economics ¢ operation. These weiss 
quanta, to bear in estimating the values of one or another proposed line. 
writer is firmly convinced that these economic vaspects are 
elements which no conscientious engineer can afford to ignore, but the other © “ 
elements have been set forth to emp hasize that both. aspects must be Biv en. due 
regard | and their relative values properly appreciated. ein i 
. Application of Economic Factors.— —As an indication of the Aten 
these economic factors were put, there are cited here some comparisons made — 
two dines which \ were projected betw een the Hudson County Boulev ard rd and 
alien Fined A iand B are shown on 
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Fic. . 8—Part oF RouUTE 25, SHOWING ALTERNATIVE LOCATIONS ACROSS HACKENSACK Riven. 


A was a straight line (practically on the location afterward adopted), 


4 however, required a long skew crossing of the river. r. Line B 


; deflected to provide a square crossing z of the river. Both lines were estimated 


high-level Jines provided. for a viaduet ‘structure from the exit of the 


under the Hudson County Boulevard, over the Pennsylvania Railroad 
‘a _ to a bridge over the river with 85-ft. clear head-room above mean high water. 


Ae nl ‘The low-level lines v were in an open ¢ cut from the Boulevard under- “crossing, 


a The physical characteristics 0 of the four lines were as given i in Table 3. a 
the TABLE 3. —CoMPARISON OF Hicu- Low- Leven 


at 

Rise, going west, in feet . 
Pall, going west, in feet 4 158. 


.* These estimates were made in 1924 and 1925 and applied to conditions assumed at 
that time.. Later, in 1929, conditions, especially in regard to the War Department require- 
‘ments for a bridge — - the skew line, made it neotseaty to revise the estimated costs _ 


between the pe cal and through traffic. We PHYSiCal, Po = 
ate, and between local a ic.—In considering ali 
a Than Economic. 
Factors 
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The estimated costs OF ednstruction 


uo ind Tine B ait ; 11099 869 wi both bs 


‘tna The différetice in the lengths of the two lines is about 750 fiand it will 


‘e be recalled that the justifiable expenditure to save 1000 ft. in distance on this 
2 line, and for its expected traffic, was estimated at $6 670 000. ‘It is ale 


Litt 


; ev ident, therefore, that for either level, Line A is preferable to Line ae: 


aul dere to both Line A and Line B TOR WOR El. 376.0 
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9. —PROFILES SHOWING STUDIES FOR LINES RIVER. 

There was then to be made the comparison between the high and low 1eidls 


(bridge or tunnel) for. Line For the low level there was added to. the 
construction cost tl the capitalized of ‘the added rise and fall, ‘and to the 


high- level line the added operating costs due to delays to be “caused by, 


"opening of the drawbridge. The comparison the, lines on this 
‘therefore, was at that ‘time worked out as s follows: 


‘High level and bridge: Estimated of construction. $8 898 410 


ee 


italized cost rise and “fall 78 0 


On the basis of these | assum mptions, “whieh 25, in 


tion with the earliest investigations of this problem, the high-level line then 


seemed t 0 be ‘pre: ferable 


wm the Hackensack pe Piskale’ Rivers between J ersey , City and Newark 
has been changed so_ as to Provide 135 ft. clear head-r room above mean high 


water at the river crossings. change was brought about as the result 


of confere nces to settle the long controversy a to ‘the rela merits of 
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head-room. The writer is entirely in accord with this final decision. 


has been impossible within the limits of | a paper er of this kind to fully ; 
demonstrate all the mathematical processes by which the data adopted for 4 


the studies for Route 25 were developed; but it is thought that the brief out- 
i line of their application to one section of the route will serve as a sufficient 7 
indication to ‘experienced e engineers, ‘and no others should attempt to apply 


ih ~ compose it, and operating costs are so different in different localities, that the 
‘resistance values of ‘Tise and fall, curvature, delays, ete., must be worked out 
for each particular case; and not only must it experience judgment be used 


= in developing these data, but equal or even greater experience and judgment | 
must be used in determining the weight 1 to be given to these mathematical 


| Semonetestione: of costs of resistance to traffic ¢ and the local and other can 


which may influence Or determine the location. a 


‘Highway traffic is so varied in the number and kind of vehicles which 


Iti is believed, however, that where the problem i is. wholly, or 


one > of transportation as was the ‘governing condition in locating and 
ing Route : 25 these resistance values. should be worked out, 80 that they may be . 

x available | as at least one factor to be considered in ‘determining the location or — 

_in deciding between two or more possible variants, 4 


highways costing $3 000 000 to 0 $5 000 000 per as was: the « ease 


q 


‘this, ‘to ensure that the general design of ‘the route—that i is, its location, bot » 


in plan and profile—is such that there is a true ec economic proportion between 
costs of its ‘and ‘the costs of operation of the vehicles which 


‘The writer Se indebted to the late M. ‘Wellington, M. Am. Soc. 6. 
: and his “Economic Theory of Railway Location” for the basis of the theory - 


applied to the location of Route Dis 
man; and William M. Soe. O. E., Highway 


Great credit is to be given to all of these for their far- sightedness i in the orig- 


inal | conception. of the general features of this highway and their initiative, a 
operation, and d help in the ‘solution of the problems involved, both these 


herein referred to o and innumerable others. 


The writer also gratefully acknowledges the assistance of S. a ohannesson, 
M. Am. Soc. Cc. E., who not only worked out the mathematical ‘solutions of 
| problems, but who also was in entire ‘charge, ‘under the direction of the e 
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AMERICAN SOCIETY OF CIVIL 3 ENGINEERS 


PAPERS AND ‘DISCUSSIONS 


‘This Society is not rei for any statement made or opinion expressed 


THE PLANNING OF CAPITAL CITIES: 
wine DENVER, COLORADO 


S. R. De Boer,t (by letter). —The discussion by Mr. Knowles| 


out very correctly that, after all, a capital city is, j in the first place, a city in a 
which places to live, to make a livelihood, and to enjoy education and 


> if tion, must be provided. The presence of Government offices i in a city is ‘sec- 


ae to these general problems | of ‘municipalities: at large, and in 
‘7 question comes to this, ‘that they form one of the many sources of liveli- 


or not its influence ity is an important one 


are in the United States a great number of small cities—State capitals—to 
which the ‘State offices form | one of the major single items. In th the city ’s bus i 


ness life this must be fully acknowledged a and to a certain degree” the city So 
_ should be built toward it. T he average citizen of a Commonwealth may be ever 


mu 80 much opposed to taxation, but to have a ‘capital | city of which he must be 
_ ee is beyond his conception. In other words, it must perforce become os 

E. 
) }. be iy 


depend on the relative importance the Government offices. hold in its roid 
life. Nearly every capital city will find it to ) advantage to . have some industry 


commeree, and to such large cities ai as Boston, Mass., , these e overshadow 
Government business to ‘such an extent that the becomes of minor 


Even in a small | capital city, where the State offices are 
¥ ig 


_ extremely important, industry can be ‘safely encouraged if it is located ina 


Discussion of the paper: R. Boer, Esq., 7 
eu 
Denver, Colo. 
§ Received by the Secretary, April 28, 1930. 


Proceedings, Am. Soc. , 1929, Papers and 2 
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recognize the and build to it. WADISAMA 


a Denver is to a great extent a governmental city and the administrative 


—_ play an important part in its business life. It is not —* Capital of 4 
the State of Colorado, but, its citizens ms consider it more or less ‘Western 


4 of the Nation. Tt has very” large. nu umber of oflces and a 


ave > become unusual ‘importance through 


“cities hove concentrated « on getting industries at the ‘expense of the 


building of a desirable city. The aim ‘must be, in ‘the: first place, contented, 
_ healthy and educated citizensi Ef for this ] ‘purpose more industry and busi- 


‘ness are necessary, , well and good, but to encourage the latter for the mere ere sake Ss 
d of greater population and higher r real estate values is as absurd as it is frequent. 


In generations to come many cities which have overdone industrial efforts 1 may 
have. to demolish what has been built - now, in order to create better living 


“conditions. , ‘The writer agrees fully with Mr. Knowles that the city engineer 
os was the first’ city ‘planner. iz “Many cities owe their conditions, good or bad, to 


the city engineer. He has considered every improvement in ‘its value to the city | 


a whole, a “and he has done t this work with a loyalty” and earnestness that 
characterizes the profession. His. main handicap has been the lack of a study 


treating the whole city, as one entity, rather than many separate parts and in — 
such a way that fundamental lines of development a are laid down for r a long . 


_ Period to come. The few engineers who did follow these lines must have realized , 


the difficulty of getting elected councils to follow their ‘imagination. The present 
age. with its highly specialized work is more inclined to relieve the e city | engineer 7 


from the burden of city planning and leave this to specialists, and thus allow 


the more time for his already ‘complicated 4 


of drainage. isa above | sea level and is the heart of the 
le 


greatest semi- -arid re ion in the country. ‘Farm lands must be irrigated 
in order to yield heavy crops. The city is surrounded by large areas of these | 


irrigated farms and they stabilize its: growth and real estate values. Great 


care is exercised by the water authorities to see that in the growth of the etty, 
farm water is not used for domestic supply. The domestic ‘supply ‘returns 


to the river bed several miles below the city lintits; a use of the water a . 


farms above would mean the shifting of land with’ a ‘possible shifting 


use in Denver. ad water will not be, needed for many years, RAWERER, and 
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1930.] “DE BOER | ‘ON THE PLANNING OF 


the additional storage now being planned will page asi from the eastern 
growth 


9’ 4 


slope sufficient for probably 25 to 50 years 


7 pee: Mr. Lyman’ s discussion* the very interesting numbering system of Salt ee. 
‘Lake City, ‘Utah, is described. This: system is undoubtedly, of great practical 
value. — Many cities have followed the 


plan of naming streets after, their 


1 
és what they y le as Capitol Avenue, University Avenue, etc. 


This would not be ‘practical for large of streets, but would well be 


- The plan of Salt Lake City, with its a 660 ft. square and its streets 


132 ft. wide, presents an unusual problem in city planning. The wide 7 
are of great value in present- -day traffic. Just how the interior of the 


w 


large blocks will prove to be practical the future must tell 
“ ie: In his discussion, Mr. Herrold confirms the thoug rht that the writer tried 
/ to express, namely, that the people i in a capital city must clearly 4 


7 f its function ; they must realize its position in the eyes of the citizens of the - 


— State, and they must strive to build to attain that position. A State civic ae 
* broad parkways leading to it embodies considerable of this | thought. Denver 


has undertaken | this in its civic center, which is a continuation. of the Capitol 


grounds. ~The two h have been developed i in such a way that | a exists, 
which makes a general State center out of them. 

¥ or The suggestiont embodied in Mr. Herrold’s discussion of broad parkways a 


_ leading to the and frontin g them with buildings, such as 


* 


a very attractive one. The time will come, perhaps 7 


than can now be predicted, that st such semi- -public buildings can be 
= to a location n of this kind by zoning provisions. “Some z zoning men frown 


more e of its ‘kind, is much shorter ‘than the original step tos zoning. 
The City of Cheyenne, Wyo., working more or less in this direction. It 
_ is constructing all its lodge buildings some of its churches Capitol 
Avenue; it has plans for a State center. of it is a ‘conscious effort and 


- ih closing this discussion on capital cities it may be of value to recapitulate 


o 


Nation oy to express the pride of the of its 

 Second.—It must carry out this idea with, and not in spite of, its 
* following the usual building program of any city. 

"Third. .—It can encourage industries and commerce, but must be careful — 

their location on the plan of the city. 

#F rth.— It must lead its State or Nation, not only i in beauty of dele. 

buildings, but also in beauty of residential and wa 


1.—It must where others can be contented to follow. 
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DE BOER OM THE PLANNING OF CAPITAL CITIES (Papers. 


Ball, M. Am. Soc. to whose efforts so ‘much of the success of 
the City ‘Planning Division was due. Each program of the Division, includ 


ing the « one at which this. paper was presented, was largely result of his 
initiative and foresight and was made concrete by his untiring efforts. Mr. 


ay hs Ball died on October 18, 1928, ‘fifteen months after this | paper was first pre 
sented. “Despite his advanced age, this -wonderfu il engineer outshone many 
are young engineers in enthusiasm and activity, and his great store of informa- 
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“ADJUSTMENT OF TRANSIT AND STADIA ‘TRAVERSES | 


 Discussion* 


By Howarp S. Rappweye,t . Assoc. M. Au. § 


the in Professor Stewart’ 


‘The discussions by Mr. Peters*? * and Mr. Parrytt present valuable informa 
: ie ion on the subject and serve to show that the treatment of the problem was La 

checked, so to speak, before it was solved. It i is ‘superfluous, perhaps, to state * o 


a that the writer had no knowledge of the ‘onl of the Canadian engineers in 
connection with this problem, until their discussions appeared. 


= The matter has been presented to the attention of the engineers of the § 
country, improved a as a result of its discussion by others. 


interesting to sit back and see what practical use is made of the method. _ i ay 


* Discussion of the paper by Howard 8 Rappleye,, Assoc M. An. Soc. E., 
April, 1930, Proceedings. ia = * 
Assoc. "Mathematician, Div. of Geodesy, U. S. Coast and Geodetic Sur 
Proceedings, Am. Soc. C. E., April, 1930, and Discussions, p. 847. 
Loc. cit., January, 1930, Papers and Discussions, p. 175. it prevent 
** Loc. cit., April, 1980, and Discussions, P. 


» 
o.C.E 
Ho C. E. (by letter).—The writer 

is indebted to Professor Underwood] for a decided improvement in the method 
adjusting transit and stadia traverses, since his proposed method of weight- 
geil 
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ACTORS GOV ERNING THE LOCATION 


By Me: RS, Fox, Perry A. Feutows, W. W Crospy, 
EK. SMITH, A anp Donatp M. Baxer. + 


Wituam Fox,t Assoc. M. AM. Soo. E. (by letter).g—Air transporta; 
tion has so fixed itself into the modern n method of traveling that it is now an 


time clement factor ‘which differentiates the ‘automobile’ from th 


to long ‘distances by automobile. The: time element i in 
is of such importance that. this one factor alone determines the success d 
failure of the business structure. b ‘To no small degree has this same ‘element 


toy reo 


entered into present- day social and recreational 


any brisiness, an example, two busine ‘of “identical character, one 
requiring transportation for its operation and the other Tocated 
as to not require such facilities, other things being equal, it will be found + 4 
the transportation factor determines, i in terms of time and’ cost, the financial et 
;: differential of the two enterprises. Therefore, the form of transportation which ~ 
minimizes most ‘successfully the | tiine > with corresponding reduc- 
4 tion of cost, and which more closely approxima tes the condition ‘in * which’ no 
"transportation is nécessary, is of the greatest economic value. “Aviation or 
air transportation is ‘and no doubt alwa ays will'be ‘the most effective in meeting © 
the foregoing requirements. oud ane Of io odt 15 
Safety in in xélation to” certain: facts, the: present 
tality arising from air travel is surprisitigly small. The vital statistics of the 
United States, England, and Wales’ indicate that the number of ‘deaths in 


aviation per 1000 000 of population is’ quite uniform.’ pet 


* Discussion of ae paper sodas — M. Baker, M. Am. Soc. C. E., continued from April, 
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in the main, through throes | of the 
stage in 80 fay far as structural characteristics are concerned. "Airplane motors 
wee have been perfected to the 2 same degree as ‘the most finely finished watch. 
Accidents due to structu ural defects are an in extreme rarity. Only 5% of the 
number i ‘is due to ‘this cause. The fact seems to be that passengers, 


on ‘regular air lines ov owning perfect that are under ‘the control of 
4 licensed pilots, , enjoy a good degree of safety. a Aq. > 
airplane undoubtedly has achieved the highest as a me for 
transportation, especially for long distances. The financial a advantage ‘of 
utilizing this of ‘transportation for both passengers and light cargoes is 

manifested by air transportation companies that have been formed 


1926 
hel 
United States (first six months)....... bos 1928 
Air Lines 1925-1987 7 None | 
nited States...... eee 
and Wales 


The success of the airplane as a safe and efficient means of transportation — 
po 
; is largely dependent. upon the selection and design of the airport on which it a 
land and take off. Airport location looms: as one of the chief 
‘involving ‘safety as well the future development of aviation. The present 
airports i in American cities in general, even those of the largest size, are ee 
A lai Selection of M odern Airports—To gain public confidence in this form of 


transportation, airport sites must be selected on the basis of engineering judg- 
“ment coupled with the advice of flying experts. They : should be laid out to the 


toate advantage, with the aid of engineering skill, 


i 


If aviation is to grow as it has a | right: to grow, it must enlist the services. of 
the flyer himself, the civil engineer, the architect, and the city planner, as. it 


as enlisted the services of the scientists, the ne navigator, and the motor expert. 
One or two serious accidents to planes, due to the unwise selec: 


as The right to air over a community might 
be put in eiguste. In view of the position that, aviation now holds in the i 
economic structure of the United States, it is essential that public confidence 


selection of a field is more than a real trans Competent 
‘men who are engaged in the actual | flying of aircraft: should consulted in 
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order that the particu r field under study be given the oficial endorsement of 
those men who will be ca call 

Technical Advice.— -Mr. Baker em 
in determining the proper location of airports. It is is , imperative > that factors 
“lll used which will tend to give an impartial | rating by a purely mathematical * 
ort mechanical ‘process. These factors should be a minimum 1 in | number, but at 
thee same e time representative of the vital characteristics of a safe and efficient 
airport. Quite ai as important as the factors themselves is the procedure f followed 


up to > their ‘dor example: (a) area to be 


growths; (d) economic analyses; (e) application of qualified 
‘The lack of technical advice is not only expensive in the initial selection — 
oof of the field, but poor judgment i in the selection as to proper location | usually iat ; 
entails in order to ‘modify conditions to make the airport safe and 
adequate. The cost of adjusting topographical conditions, t the elimination 
ae hazards and the installation of drainage systems on a poorly selected field runs» a 


out 


‘fam Height limit ‘regulations in the vicinity of a field give the operators 


matter of controlling the height = 


assurance that they will have the best ‘possible 1 use of their field ; they also 


Selection with Respect to Growth Trends.— -Airport and 
tion require careful study of land areas, eas, growing and | shifting 


should be in conformity with the future development program. 


(of its planning activities, every city should prepare an airport 
6 


program that will provide for future needs on the basis of real economy. 
The airport is the gateway ‘to the modern city. * If properly selected, 


2 satisfactory financial return can be shown for the investment involved. To 


make the investment economically sound the following principles 


—The site be pelected by qualified « experts. ily, 


_ 2—The land should be owned in fee or on long-term lease. 

38.—The airport should be accessible to those served by a a maximum of 2 

The field should be of the highest rating conmensurate with use. 


.—Proper legislative control should be enforced over | 


—The field — be ‘properly related to the community served and x 


Angeles County M ethod. of Airports —In the latter part of 
1927 ‘made ‘the of. airports, landing fields, ‘and 
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v arious ground requirements a part of t the activities of the Regional Planning ~ 


Commission This Commission. is a part of ‘County Government and is 


"ments ‘this 1 new w form. of any would 


red too. late to adjust the development to situation. 

pe by HUNDREDS OF, Of PEOPLE iv g 3238 
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4.—CuRVES SHOWING INCREASE IN iia OF AIRPLANES IN LOS ANGELES 
CALIFORNIA, AND GROWTH OF POPULATION. 
and Airplane Density. shows the i increase i in the x 
ih of airplanes in Los Angeles County, 

‘gr rowth of population for a considerable Both. these curves are 
projected into the future for a 30-year period. From the resultant « quantities ; 
of these two curves, a third curve is plotted, called “The Airplane Density — 

Curve”, - which represents the number of | persons per airplane as of the | past g 


id elt acl ise 


_ The present status in this County (1980) ‘is one airplane to every 
persons. It is , estimated that by 1980 this ratio will be 500 persons ‘per air- 
plane, and i in the year 2080, 100 persons per airplane. bi ig 


With the he population curve as basis and the 20 min. of trans- 
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to the very experienced, it was improper 
ithe of one road might forever destroy a dominant site for a future airport — 
or landing field. ‘The time to airports is before land i is subdivided or cut 


by streets or Therefore, a study of the requirements that would 


be needed for the future of aviation was made in conjunction with the plans a. 


and studies for highways, population densities and trends, , industrial develor 
ment, transportation facilities, : zoning, and land subdivision. The results hav a 


been ec 
they are e submitted for official and publie entire 


cedure involves: six steps, namely, (1) to take an inventory of existing condi- 
tions; (2) to form an aeronautical advisory committee ; (3) to make 
comprehensive e study of available s sites; (4) to estimate the cost of equipment > 
and improvements for airport operation; (5) to analyze the financing and — 
"probable earning ability; and (6) to design ‘the airport. ode 

_ Step No. 1 —Inventory of Existing Conditions. survey and inventory 
were made of all existing airports, landing fields, and aviation facilities within: 
the County. With respect to each information was obtained 


(8) Runways and landing areas. Drainage conditions. my 
(4) Obstructions and hazards. (12) Soil conditions. 


ey 


were of all sizes, and of relative sizes were 


7 


~The acreage was variously owned, as shown in Table 3. 


Nature of 0 owners! ship. ber of acres. © Number of fields, 
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This short- term lease condition handicaps the developers and < oper : 00 


ators in securing 1g loans or encouraging investments for expansion or permanent 
«Step No. 2 —Formation of Aeronautical Advisory respe 


the Commission was equipped with a a technical personnel of engineers, archi- 


_ tects, landscape architects, and statisticians, it realized that it must be fortified phys’ 
with proper aeronautical advice to obtain: a true ¢ cross- section of of hi 
Be problems and requirements. To meet this situation, an , Aeronautical Advisory the | 


Committee com posed of of expert fiyers from the Army and Navy, S. Depart: 


wa was formed. The studies, designs, and ‘sccomplishments of ‘the 


placed u upon ‘a basis as nearly scientific as s possible. 


No. 3— Comprehensive Planning of. Airports.—After all ‘the existing 
fields shad been surveyed, plotted on: | maps, and evaluated, the technical stat 


‘the: » Commission divided the County, for “the | purpose of ‘study, into the 
Rt following natural physical divisions : (a) Antelope Valley; (0) San Gabriel 


wee 


Valley; (c) San Fernando Valley; (d) La Crescenta Valley; (e) the central 


we area of L os Angeles; (f) Southeast Section; and (g) Pacific Coast Beach 


4 With the aid of maps showing the existing and proposed highway systems, 
other maps showing land that was subdivided, and with U.. S$. Geological 
- Survey maps showing topography (scale 1 in. = 2( 000 it, with | 5 ft. contours), 


“an ee the technical staff indicated every flat parcel of land that had any possibilitie 


Advisory Committee assigned six qualified pilots and. the 
Job. of ieee over a a given sector of each “physical division, with —— 


Each site was then given a ‘vating. The 
urely mechanical and ive. applied § 
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Manny of ‘the fieilds were 

4 
= 
— 
— 
eport Of the Possible sites selected DY the Commission's stat. An ener 
neering analysis was made of each cite ond to 
findings of the ob 
"Process of rating — 
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ke _ Physical condition of site*. 
Location with respect to other 10 


Local 


“These factors” correspond very closely with those ‘recommended by 


tee _ When evaluating each factor for a site under study, the — 


which result i in a certain rating s should be elaborated upon, and their relativity 


\- established. For example, if the e drainage cost on five airport. sites was $3 000, 


000, $25 000, $4000, and $10 000, respectively, it is obvious that the eone 
“costing $3 000 would be the cheapest, and ‘would warrant the maximum a rating 2 a 


of 5. 00 gaa other ratings would then be 8.00, 0. 60, 8. 75, and 1. 50, s 


lation § 
Visory 


‘This engineering analyeis was into five 


Purp The financial analysis. and estimated cost of putting 4 Air ‘Terminal No. 8 in 


&g 
lission conditiont for airport operation, was as 
Division 1. 1. —Physical Analysis of Site: 
cisting Total area of site, in acres. . 4 
l stat acres can be used for airport 
000 cu. yd. of cut and fill. . 
000 lin. ft. of fence........... 
Outstanding Bonded Indebtedness: 


; County improvement......... 19 722 . 


Cee 


Papers. 
— 
years, 

7 
hag 

&g 
Janent 

archi- = The engineering analysis of a site followed a procedure which analyzed the — 
rtitied "physical characteristics, cost of grading, drainage, flood and removal 

of hazards, its relation to present and future population, its status as part of ##§ [am 
Jepart- 
| 
$42044 8 
* Meteorological study was over the area as a whole, 
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provements for ‘igen Operation: 
Hangars with concrete aprons......... $200000 


dh 80 0000 


Meteorological equipment 5000 
Sprinkling system for landing area and 


Miscellaneous equipment (trucks, roller, 000 

lance and “first aid equipment, 000, Biri | 

bins 87.8 equipment, and s small tools). A180 082 
Financial Analysis and Earning study of 


Th 
ef 


TABLE 4 —Financuan ANaLysis AND Earnine Terminat No. 8. 


1930 | 1940 | 1950 


1940 


Population (San Gabriel Valley).. 
4 Number of airplanes (San Gabriel Valley), 
_ Number of airplanes at terminal 

Number of hangars required. 

Square feet of hangar space 


. 


a ag Rental from hangar space 


Revenue from manufacturing; accessories, 
etc 
‘Revenue from taxi schools, landings, trans-| ot 
ports, ete.... “2.400 700 | 
Revenue from utility service 
Revenue from office service..... he 


_ Miscellaneous revenue.. 


Total fovenne:, $ 4600. $28 500 $142 500 
to 


.| $24 672 | 672 
| 


$20 272 $42. $167 ‘172 


Summary of Financial Analysis. —The foregoing items may be summarized 
(A) Annual Earnings for 50- Year “1980: 4 
Net annual profit on walnuts = $82. 94 per 
Average annual earnings over 50-year period. 


Average annual cost of operation and main- i 


nnual interest on: $733.126 * 


ust, 
— 
— 
rating 
at 
= 
— 
“40 000 | 820 000 |1 880 000 |3 820 900 |6 820 
1 200 | 9.600 2 139 200 | $259 200 | $400 
mo | 2700 | 2500 a 
20.000 | 80 000 40 Satis 
pa 
ar 
equ 
in 
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fo 


conform to and preserve both the existing and the ‘proposed airports. . 


“equipped with apparatus or mechanism as to permit the taking off. of planes 


FOX OF, 


Valley (Section 2-E)... 


ty 

Anticipated airplanes in 1965, San, Gabriel 


= acres of hangar space at 3 cents per. ft. per year... $227 7380 


» Invites Depot and administration office “space rental, 50000 ft. 


acres ‘available for shops, accessory ‘houses, manu- 


facturing plants, etc., at 10 cents per acre........ galt 4: 


Expected annual revenue from concessions, landing dose of 
‘rentals (student pilots), lockers, transport passenger 


‘ 


H i 


Location with respect to other 

Utilities .... 


Local hazards .. wal 


ind ‘similar. to the foregoing were made for each bite: 
Then the best were selected, by the process ‘of elimination, to serve the County 


ina comprehensive way with airport ‘facilities.- The comprehensive: plan was 


designed and arranged ‘that the existing airports which had received : at 
satisfactory rating were properly recognized. The proposed airports. “were 80° 


a arranged and situated a as to serve . the ultimate population an were $0 ‘chosen, “] 


ar Wins 1. 224 


that the development of the sites themselves could be accomplished if and w when | 


they v were, in demand. The official highway plan of the County was adjusted to, 


_ The general procedure was to select, at a strategic : location i in ‘each physical 


aia of the County, a major air terminal, rom. which would operate tran 
"Port planes, cargo planes, and all large aircraft, lait 
Definition. of Major Air. Terminal.— major, air terminal is an airport of 


- sufficient size to permit the ‘safe and efficient operation of the largest transport, a 
planes that are now in service or likely to be placed i in service. It must have | : 


a runway of at least 5000 ft, in length and 400. ft. in width, or, must be so 


thy Manes 


in like number and with the same degree “of safety. as, would the runway 


stipulated. It must, also be -able to provide , a separate area. _ that; will permit 


in, all The. dimensions ‘a such landing area must_ be eat. ‘ 


Hd 
082 -yatin 
316 
y of — 
0 000 — 
zed 
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or must be equipped with | or mechanism 


would the area stipulated. 


torage hangars ‘for at least 000 airplanes; it ‘must have space for 


r = _ shops, manufacturing plants, and a passenger and freight depot; and it must be 
¥ me adequately served by both rail ; and highway transportation facilities. «At must 


5 ay Fe also be so located as to serve, adequately, a large population, either actual or 
_ wre potential. - Furthermore, it must be able to warrant the highest class airport 
= rating of the Aviation Division of the Department of Commerce, ah. al 
is each physical division of the Los Angeles County survey ‘there were 


selected ‘satellite fields: to serve each | community. _ Private ships, police planes, 
Miki tic. 
and 


Definition of Satellite, Airport. t—A satellite airport is a field s so veiled as 
to accommodate ships ‘smaller and of less wing spread than transport planes. 


‘2 It must be of sufficient ‘size to permit the construction of a runway of at least 
eS. 1800 ft. in length. Iti must also have hangar ¢ space for the storage of airplanes, 


such. space to be commensurate with the population served. 


The general purpose of a satellite field is) to serve the owners of private 
8, ‘commercial taxi planes, light military | planes, ‘and police planes; alo, 


to serve as emergency landing fields for larger planes in distress. ee att - 


by not involving more than 10 min. of ee 
any ‘point. addition to serving the community with h airport facilities for 


the p present and future, in n so far as private ships were concerned, these 
sat satellite airports give opportunity for aviation ‘facilities for long-distance 
a r travel. This i is accomplished by the operation of taxi planes from the satellite 


fields to t the major air from which operate ‘the. large passenger 
a The di 


Fig. illustrates the comprehensive airport development plan for. Los 


Angeles County. As each “physical division of ‘the County, is surveyed and 4 
reported on by the Commission’ s technical ‘staff and its Aeronautical Advisory 


eee Committee, detailed plans are prepared for the design and development of Ce 


Step N 0. 6. —The Design of the Airport. —Attention i is given to the design of 
in 


aro the n major air terminal for the reason that the area ‘involved a and the design 
of the field itself must be ial with the popu ulation served. The 


J 


: he outset it is ‘recognized that the x majo: ir have the greatest 
‘concentration of f aircraft operation. . The area of the immediate — divi- | 


sion that each major air terminal : serves ranges from 200 to 300 sq. ‘miles an 
ultimate population’ of from 1000000 to 3000000. 


~ One of the chief f factors in the safety of the airplane as a means of trans 


4 Se ‘portation is the proper and efficient design of the airport. In ‘the design « of all 
“major air terminals one of the basic principles that has been followed | in the 


plan is 
taking 

taking 
or the 
factor 
| 
— 
it 
— 

my 
— 
pot 
— 
iva 

— 
ar 


is to provide for of the wait runways for 
“taking « off. _ Another is to have runways val sufficient length to permit landings 


2 
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x 


on the field in the event of a “dead stick” or ‘a “concked motor”. It has been Balog 

quite definitely established that these basic principles contribute to ‘greater 
safety and efficiency. — Such design 1 will permit the simultaneous landing and er 
baying off « of a | squadron: of planes ; it likewise permits the continuous landing * 


, on 1 schedule or off schedule, with a large 


a 


— 


n 

“AT 


ty 


+] 


|| 
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PROPOSED AIR TERMINALS Loca 


Fie. + —PRELIMINARY COMPREHENSIVE AIRPORT DEVELOPMENT FOR THE COUNTY OF | 


Application of the Comprehensive Plan. —It i is generally recognized by tl 
vitally. interested i in the future of aviation that it is ‘essenti 
atic and compreh hensive plan be followed. Those developing airports in Tos 


Angeles ( County have the | benefit of the ‘impartial ‘study and advice of th 


‘Regional Plannin, g Commission and its. Aeronautical Advisory Committee; 
and the selection of major air terminals or local fields, w whether private or 


ublie, has closely follo ed the ‘recommendations as set forth in the Master 
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The of: a site in ith the gives protection in “the forn 
e | of. zoning; it provides for the proper construction and location of ground-trans. | 
eo portation facilities, regulation of the height of structures in the vicinity of the 
field; and also guards” against having the field declared ; a nuisance. 
The financial set- for the development of air terminals differs some- familis 
what i in each instance. If the purchase of any air terminal i is to be made from J 
ss publie funds, it is the intention of the Regional Planning Commission of Los 
Bei a Angeles C County that such ch purchase shall ber made on the basis of its contribu ; 
tion as a part of the “Comprehensive Airport Development hie et 
Summary. —In 1 stipulating the factors which have to do with the governing 
. of airport locations, whether for large fields or - small, it is essential that. certain 
fundamental, principles in city planning be recognized. — Some of the important 
factors to be considered are those that: have to do with the future | growth and atreet. 
character of the community 1 which the airport is to serve, , always. remembering “routes 
that aviation is still in its infancy. _ The procedure being followed in Los 


Angeles County and the factors used have very satisfactory on 


during 


_ When speed i is Ais scented: the element | of safety plays a predominant part. 


_ The more speed that is acquired, the more safety is sacrificed. Travel by air 
will never be as safe as travel on the ground. — Seniors can be done, however, to 

‘ make air t travel reasonably safe. “factor now rests 
Ww ith the design, location, and’ sithnibelatty of airport facilities. The majority of 
a. airplane accidents occur either when landing « or taking off. 1 If the same factor 
ay of safety - can be incorporated in the design and location of airports a as is 
or accomplished i in the design and construction of the plane itself and by the 


oe thoroughness of the pilots, aviation will ‘indeed be a a reasonably s safe means 

Penay A. Frizows,* Am. Soo. (by letter). +—This paper empha- 


some of the that the writer has  statedt o on other r occasions. The 


methods outlined have been used i in a number ¢ of instances as an aid in hen ; 


There are re. two. that should be definitely borne in ~when- 


eee ever an attempt is -made to codify characteristics : First, : such a method is a 
Rise tool and should be honestly used for the reason that, just as with any y other tool 
in the hands of 1 those who so wish, it can be misused ; and, s second, the group 


best suited to make use of such a a tool is the engineering group. Se ey 
==. these two principles are kept ‘uppermost | in n mind the use of “airport 


characteristics will avoid the criticism that may be otherwise ‘met. . There a are 


people who Oppose setting up such a classification as s that recommended 


ms, the paper; ‘especially do they oppose it on the grounds that it is possible for 
a one to. believe that : a way is thus ‘made « easy for the layman to select ae 


oe. + American City Magazine, May, 1928, and a more comipiete discussion in the Associated — 

Technical Bulletin, April, 1928, reprinted in News-Record, ‘September, 

“Standards” and Score Card for | Municipal: ‘Atrporis,” by L. Engelhardt, 


irway Age, October, November and December, 1928. 
Proceedings, Cc. E., November, 1 
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1g CROSBY ON LOCATION OF AIRPORTS 
best possible airport site. fF Such criticism can always be met with the. -caution- te 
“ary advice that the instrument should be used only in its proper field and that | ae ht 


its use should be e entrusted only 1 to the competent and qualified engineer. dee jist oss ri ae 4 


A 


1e form 
l-trans- 
W. Crospy,* M. Am. Soo. ©. E. (by letter). HUTS 

- familiar with the development of County, State, and Federal Highway systems 
le from during the past thirty years or more, this ‘paper has suggested some ner 
of Los I of interest. Both airways, with their airports, and highways, with ‘their ‘foci 


ntribu- ‘or termini, are transportation systems. pr The locomotion | may seem quite on 


a - ferent, but certain principles are common, and airships do “land” even though, 

erning as the author suggests, air and water have much i in common. 

vertain When the highway ‘systems were first started, every” little village fought 

eee: ‘strenuously to have the improved roads run through it and along its main 

th and street reet i ‘As the expansion of the systems took place, and such transcontinental — 4 


actory 


and damages. caused to the local use of the the 
7h traffic; and a general movement along this line is already under way. = ey 


It to the writer that analogies accompany these facts; ‘and he believes 
ity that they should be seriously ‘considered in connection with the oF 


rests” 


In this same nnection a detail of airport: construction may have some 
May not the developments in airport surfacing have | some effect: on 


piel 2 just as the developments in highway surfaces have affected ‘high- 


"Formerly, many conflicting factors influenced the type of surface necessary 

on highways. For example, smooth, hard surfaces were not ‘suitable for slow, 


horse-drawn traffic and vehicles with metal tires that ground the road ee oa 

into dust. As the motor traffic has ‘become predominant | on many systems of 


highways it has si simplified the problems of surfacing by removing these con- 
- flicting factors, so that the traffic is composed only of soft-tired vehicles which 7 


-Tequire smoothness and which create no detritus. Curves are required to be 


‘flatter, , visibilities must be longer, and grades may be steeper ; but alignment — 
should be more direct and widths must be greater. To give general satisfac 


tion surfaces may be less varied and more ‘ “standard”. 


ris, 
eau not some of the developments in air vehicles, that now seem quite 


wing be developed so that a plane cheek its % 


and drop gently, and almost vertically, to i its landing. Would’ not the 
allowance for “gliding angle” - in airport location be reduced ? Similarly, ae 
_ the airplane | could be checked in its forward movement, would not the necessity a 


April 16, 1930. tq A 
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of depending | on the friction n of the tires” or the tail- skid’ for’ this ‘sand 
relieved 80 that the surfacing of the landing field could be simplified ni 


~ improved Ee Possibly, also, the rising angle of a starting plane. could again be 
increased, and the location again affected. These results might affect the Ve sine 


area required and thus enable locations to be made 
where now they seem impossible, ft 


Fin ‘Furthermore, if an aeaeet we be regarded a as something distinct from an 
may not Problems of the former, be Wy) 


and shipping lines), so that ‘the ‘ports, or might be located wid 


‘the convenience to the passengers that i is necessary for commercial popularity! 

ahaa: training or practice activities are not necessary functions of 


a) bs _ Even in the new art of airway engineering, it seems to the writer ry after 


Be s-caragee the many mistakes that have been proved on him as well as on 
ie others in years of highway engineering, the saying that “the wae man learns 
: ss from the experience of others; any one can learn from his own” , is ‘still worth 


K. S 3M MITH, * Assoc. M. Am, Soc. C. 1 E ‘(by letter). +The considerable 
‘ increase 3 in air passenger traffic, quite largely due to the lowered passenger 
rates, and the increase expected express service should cause special 


importance to be placed on certain of the factors i in airport location covered in 
Baker's paper. These are, particularly, ‘the physical features, the acces 


sibility to the community served, and the transport facilities to and 


from the airport. . For mail service alone facilities for transport to and from 
wr the airport will not be so so important. It is probable that within a few years al 


airports will have pneumatic service from the ‘main post office. 


‘ak fe _ For a purely express or mail business the 2 surroundings, appearance of the 
field, ete., , do not play as important a part | as for passenger traffic. Air trans 


portation offers _to- day a specialized service for passenger t transportation 
already realized | and seeing each year fast improvement in air equipment 


Nevertheless, as stated by C. Keys, President of the Transcontinental Air 
ot Transport Company : 


= 

‘on 


an statement; the ratio between preparation and actual Might 18 


For all three classes of performance (mail, express, and passenger), air 
34 transportation offers a highly specialized service, superior in ‘speed to any other 


form. While it is yet seriously handicapped by 3 unfavorable weather | conditions 
‘most unfavorable weather highway and: railroad service, 


sometimes for a much longer time. ed 


Asst. Mgr., Highways and Municipal Bureau, Portland Cement Assoc., Chicago, II. 
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i “te build up the general public use of air service, it oy already evident that — 
greater attention must be paid to» permanence and stability of ‘eonstruction 


on carefully designed airports, with special attention to the appearance of the aes 


airport: and the provision of comfort for passengers. The public is already 


ageously educated to expect and ‘secure comforts and conveniences: at railroad 


and bus terminals that were unheard ‘of a few years ago. Without reasonable 
provision for corresponding conveniences at airports proper development of — 

air transportation cannot be expected to continue steadily at the desired rate, 
Even in the appearance of the field, the buildings should not be mere sheds Bs ‘ 
or brick barns, but should give, without un undue e expense, the appearance of 
careful design and “stability ‘suitable for a an established industry giving 
important daily service to the public. Hotels, restaurants, rest. rooms, etc., als 
are already making their appearance at American airports as they have fo ae es, fe 
several years past in Europe. Certainly it is reasonable to expect a just pro- > 
portion of this cost as a proper operating cost of the field to be returned fen a 
ost Therefore, i in locating the airport, consideration must be e given to ‘the ease x ; 
iweigh which the physical features may be adapted to providing facilities for the be 4 
&§ 


comfort and convenience of air passengers. . It is also evident that for a a a" 


number of years to come, the fields will be visited by thousands of people to see oe 


shows, races, etc., or merely to observe the daily business of the field. This - 
already been capitalized at European airports where amusement 
athletic parks frequently adjoin the field and where grand s stands are fre-_ 
quently supplied for the use of ‘spectators. A Voluntary attendance of ‘many 


thousand people at any municipal air field ; is an advertising asset far ‘more 
important than that which can be secured by ‘thousands | of dollars worth of 


paid newspaper anc and | magazine publicity. The i impression carried away by these 


people and passed ¢ on by them to their friends will be of the highest importance. _ ; 


_ Aloe location for the airport that makes it easily accessible to visitors, a site _ 


large enough 1 to provide ample parking space in addition to the bare — 


for planes, and, if practicable, a location and surroundings that present an 
attractive appearance, are features of real value to the community. Provi- 
sion of rest rooms s and observation stands will encourage the public support of toad 


the airport, are facilities fr freely provided in any park or other place 


| of public gathering. _ The airport, to- day, i is in many respects more important 


than the public park, or it should be made so. Paved sidewalks and paved 


drives and aprons ‘around the han ngars | are equally important as effecting the 


comfort of visitors and patrons and keeping them free from mud and dirt. 


has” been suggested that present condition of 1 the ground surface wil 
bet the choice of an airport location. This is especially true i in 80 far as” 
ys for land- 


ing and take- off will shortly be a necessity at most of the important airports. $ 


: A turf or light surface satisfactory a few years ago . for the use of light planes 
will no longer serve the hundreds of heavy transport planes coming into use. 


tabulation been -published* which shows twenty- seven ‘standard 


&§ models of airplanes weighing 1 more tien, t 000 Ib. A considerable number in 
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LOCATIO 
t ransport service to-day w veigh: more than 10 000 Ib. and the Boeing Air 
_ Transport Company and the Western ‘Air Express are placing planes in long. 
distance transport weighing, respectively, 17500 and 220001b. 
* _ The U. S. Department of Commerce, as a result of tests, states that the 
“landing load ‘should be increased 100% to allow for impact. This brings a 
on wheel load on the surface of the field ranging from 5 000 to 22 500 lb.’ end ‘ie 
Another factor requiring paved runways for safety ‘and economy is is. 

- reduced distance required for take- e-off. On its ‘flight: to America, with com- 
_ plete load of fuel, the Bremen required a starting run of only 1800 ft. on the 


was 


Portland cement concrete runways Dessau, Germany. At Baldonell, ‘in officials 
oa ‘Treland, where the Atlantic flight was actually started, 4750 ft. were “required ‘stitutes 


for take-off from the runways of cinders and ashes spite of the Acc 


smaller load on the ship. 9: shoddy rie oof dist 


Despite the shortage of money fic purposes in 
aor runways have been constructed during the three years since 1927 at Dessau, - airport 
at the Halle- Leipzig Airport, at the Travemiinde Airport, Frankfurt-am- -Main, “short 


and at the Giessen Airport. In this country, concrete r runways similar to the “size, bt 
highest type of highways have been constructed at the New York City ant 
pease Municipal | Fields, at the Curtiss- Steinberg Field, at East St. Louis, of th. 


and a number of others. It is evident ‘that the character of the present iter 


surface no Jonger_ plays as important part. as” formerly determining ‘the 
a airport location since for any important airport a paved surface will be pro ote 
vided to support ‘the heaviest planes, reduce. the length of take- off, and ‘greatly toae 


the maintenance required on the remainder of the field. leq 


M. Baxen,* M. Ax. Soo E. (by letter). t—The effort was made “much 
in ‘the preparation of this | paper to emphasize the relationship of an airport to - done i 


ot 
=} 
oO 


ri the entire city or regional plan, and also to set up certain fundamental 
x - Tequirements as a guide for the use of those who are responsible. for the selec: th 


5B 


tion of sites for airports. The system of rating was suggested primarily asa doesn 
device whereby various sites which might be offered for considers in far 


could be compared, ¢ one with another. Whenever this method is used as 


a basis of comparison, the actual items specified are not so important provided 
some judgment is used in ‘selecting them, as the methed whereby they are 


; applied and the fact ‘that they must be applied uniformly to all subjects being 


judged. Without question, of the ten points} suggested by the writer 
could have been subdivided into from two. or three to a dozen sub- headings, 


RA each of which i in itself could have ‘been given a proper weight. This system 


were ‘The paper } referred to by, Mr. Fe sHows§ ‘iflustrates the detail to which such 
_ systems of rating may be carried. It was not felt necessary to go into such 


i detail in the writer’: 8 paper, as it was ‘thought that any one using the method 


could, with better results, expand the ten points given. The weights suggested landit 


a for each factor were suggestive only and might be varied, depending on the 


* Pres., Board of City Planning Commrs.; Cons. Engr., Los Angeles, Calif. 
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cialis surrounding the airport, in order that height. of buildings, use of ; 


property, development of highways, ete,, may be regulated. the site lies 
within unincorporated territory, proper operation on the part ‘of county 
officials may affect this, but if this” co-operation cannot be obtained it con 

a Accessibility, which should be expressed i in | terms of time, and not in terms , oe 
cases in terms of dollars end cents. Ina large metropolitan center, secondary 
Dessau, will become absolutely « essential for private planes ‘used primarily 
~Main, § short hops. These secondary | sites, however, ‘can be made relatively ‘small in— 


‘to ‘size, but should be located, of ‘course, as to be to better class 
ty an 


Louis ofa air transportation. The writer is still convinced, that the ultimate 
oresent 


nining 


greatly ‘to a considerable degree, but, until night flying ¢ comes into existence as a regular ee 


feature, passenger travel between cities 400 to 600 miles apart, will not show _ 
saving of time during business’ hours. At present, traveling: can be 


done in such cases by rail by leaving the office after closing hours, ¢ arriving © 
at one’s destination the next morning, having a full business day, and retur 


“ing - the following night, whereas travel by air ‘made during daylight hours 
does not show any comparable saving of business hours. grad ual re duction — 


fares serisl transportation, however is increasing its 


“added distance fr the busiriess center against the cost land ‘necessary 
the site, and a arriving ‘at a minimum total cost. Land cost varies inversely — Le 
=) the distance from the center of the ‘community, ¢ nd 


tance “may mean a vast sum in investment. 


Rapid transit lines are. to serve the transportation needs of an air- 


Sor and take- off areas ‘is one that is ‘open to dis 


¥ 


cussion. In 1928 much discussion was extant as to the probability of reduced 


4 and take-off speeds and ‘consequent | size of landing and take-off areas, 


cate ‘that any smaller areas can be satisfactorily. 

larger, and more of them are coming into use, ‘resulting i in 


1g Air different uses to which the field to be selected was put, the main point being aa 

n long. that all sites should be compared by the same measuring stick. 

The writer does not agree with Mr. Nolen’s suggestion®* as to the lining 

1at the a the factor of legislative control. — Unless all sites under consideration a 

‘ings gg are within the limits of an incorporated city where zoning and police regula- aS : 7 
ho 
| 
| 

made 
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such 
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land has been acquired for an airport site, it ean always be. disposed of at a 


profit or used to good advantage for park or recreational purposes. | The basis 
f rating given was ) primarily to ) apply to the si sites to be used and n not to the 


_ The writer : agrees with phen tee in his statement as to the desirability 


owned dite: at privately owned airports. In the | every of 
ground id must be made to pay revenue, | and a private owner cannot afford: to 


devote a . large space to r recreational facilities or a low ‘excessively large ‘areas 
The writer heartily agrees with Mr. Nolen’ st statement that an airport is 
‘essentially : an industrial establishment, not only through the attendant activi- 
ties and development which wi will ‘surround it, but by virtue of the noise, 
crowds, dust, ete., which must exist even at the best regulated port. 
Grimm’ s§ discussion and the re- arrangement of governing 
brings out a point the writer had in mind. The factors must ‘be given — 


‘different weights to fields used different Purposes, Acces: 


“ia a major terminal, and, at the former, meteorology is not so important si — 
and Jandings: are not usually made on schedule. The; factors given 


oints in 1, 2, and 6. It is not that Item No. 13 i in Table 1! 
essary. ‘The airplane factory sites should come to the airport and the 
should not go to the factory. His Item No. “Prospective Neighbor- 


hood Development”, would be one wens A under the writer’s factor, “Legi 
_ The writer is’ very familiar with by: excellent work being done. Sie 


regional plan. of airports in that which is referred to by Mr. 


The latter’s discussion brings out: very the method and 


‘transportation is here to. stay, the sooner the fact 


i te Mr. Fox’s illustration** of earning ability of Air Terminal No. 8, 3 in nthe 
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San Gabriel V alley, California, is very apt. Tt shows the proper economic +3 


approach to ‘the matter and develops. the fact that in the future airports can 
undoubtedly be classed as publicly owned utilities of a self-supporting nature. 

- The writer is much “gratified with the general discussion which the paper — 
“has brought out, and hopes that the importance of airports i in the g general ¢ city a * 
or regional plan has been emphasized. _ Private companies, as well as public a 

agencies, § should realize that the location of an n airport i is a major factor making 
for its success, , both from the ae of the port itself and of its ‘service E.. 
Piers be chosen by any community until oat location has been given the most | 
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FE oT TURBULENCE ON THE REGISTRATION 4 


Discussion* 


M. Ax. Soc. (by letter) +—This paper has re- -opened_ 
“the subject. of the performance of current meters in turbulent water, a q ues 


that, 1 ‘except under 4 closely stream- line flow, current 
0 meters of all types may indicate velocities departing more or less from the true _ 
the current, and that as conditions ‘depart further from 


the true become greater. During the thirty years: 
ceding 1930 several investigators have made excellent observations to determine 
the magnitude of these departures, and although definite quantitative results la 
- have been obtained there has been little, if any, attempt to interpret them >» 


that velocities “observed under abnormal conditions could be modified to 


give more nearly correct results. of lo eller tibuti ueol fin o 
vee In performing these experiments the authors show their ‘recognition of the bebe. 


futility of trying to ‘dispose of a troublesome question by saying, as has been 


turbulent water. ‘This merely a a situation that frequently 
the man engaged in stream measurement, who. often h has no choice but to use 
his meter in a turbulent stream or to give up the measurement altogether. : 
Even an admittedly inaccurate measurement n ‘may | be: of value, particularly if_ 
of the probable error can be obtained. bets paibiti oft 
at In attempting to solve this problem ‘the authors firs ran a series of me = 
experiments on meters in turbulent water, but found too many factors involved 
to permit a clear interpretation of the results. ‘Rather than 


= 


E., continued from May, 1930, Proceedings. 
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in this ‘incomplete unsatisfactory state, » it apponred desirable 


“4 to attempt to resolve the problem into simpler elements and ‘to attack them 


"separately.”* they performed two other series of experiments. 


‘They did not, however, follow the results obtained the later experi-_ 


“ments and attempt to interpret the performance « of the meters in turbulent 
water in the light. of the e results fou found i in in their subsequent work. ' This is the 
| on y criticism ‘that the writer makes ‘of ax an otherwise excellent account of well 
planned and ‘carefully performed experiments. It is to be hoped that the dis- 
cussions” of this paper | and the authors’ closure will analyze these experiments 
and "suggest some rational method w hereby “eurrent- meter measurements, 
that must of necessity be made in turbulent water, can be a 
fairly | close value of the true discharge. id 


i far as. the writer is aware, B. iB. Groat, M. Am. Soe. C. E., ‘is the only 


investigator who has suggested a definite method of corr ecting ‘current- 
meter measurements made in turbulent: water. + In connection w with measure 
“ments of the discharge tl through turbines at Massena, N. ¥., she used Price ae | | $ 
‘Haskell meters and suggested that the true velocity be ie a as that indicated 2 r > 
by the Haskell meter plus one-seventh of the difference of the velocities ‘indi- ae 
-eated by the Price and the Haskell meters. 
Experiments o on n Current Meters, by B. F. Groat.—A few y years after he had — E 3 
this suggestion, Mr. Groat ran a series of tests in connection witha & 
comparison of current-meter measurements with chemical 5 gauging. + T hese | 
covered a wide range of conditions. The writer has recomputed these experi- 
“ments and | the results are presented in this discussion to show to what extent | s 
they corroborate the authors’ experiments. bor jus THD. 
_ The tests were made i in the Naval Tank of the University of Michigan - ae 
a small Price meter, two low-pitch Haskell ‘meters, ‘and two Ott meters. The 


meters, tails removed, were rigidly attached to arms on the rating 
ons with their axes parallel to the axis of the tank and to the direction of motion F 


a of the car. The arms were arranged so that. they could be oscillated in 1 three | 

directions, that is , vertically, horizontally at right angles to the s of 
the tank, and longitudinally parallel te to the axis of the tank. They were 


ected so that the same movement was imparted to each of the » five meters. 
Their axes were always ‘parallel to the direction of motion of the car except — 
in the longitudinal oscillations the ‘arms gave the meters a rocking 
é motion in a vertical plane. The manner in which the frame was oscillated — 


was not stated. Mr. Groat plotted the observed evolutions pe er foot for dif. 
ferent oscillations against the velocity of the car. 4 ai 


By first constructing a rating curve f from the normal and then 
determining the indicated velocity for each observation, the writer obtained — 


rating ear. The rate of oscillation and the velocity of the ear were added 
to obtain the absolute velocity of the water relative to the meter 


* Proceedings, Am. Soc. C. B., December, 1929, Papers and Discussions, p. 2625. _ 
t Transactions, Am. Soc. C. E., Vol, LXXVI (1913), p.819. 


; “Chemi- -Hydrometry and Its Application to the Precise Testing of Hydro- Electri 
Generators,’ ’ Transactions, Am. Sac. C. E., Vol. UXXX (1916), p. 1231, Pt. Ve a 
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and the angle, y between the direction of the absolute velocity and the axis 


“of the meter. . This recomputation was made only for the observations on the 


ulent Price Meter: Horizontal Oscillations.— —The observations for 


the slotted on Fig. 23. velocity. 
w ell 
sds of w hich j is ais velocity of the horizontal oscillation, divided by the velocity of 
the car. The cosine velocity is the absolute velocity times C08 a, and is, 
rents, ie of course, the velocity of the car. Curve Ai is the absolute velocity of a water 


~ yelative to the meter in percentage of the cosine velocity. aa > =e? 


rive 


4 
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sure- 
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x and ager, Values from 3 | JF | Yarnett and 


Veloci of Cat =V cos Nagler Data; 
y Yarnell and Nagler Data: Water approaching | 


—'! la Water approaching 
[Oseillation 
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‘Indicated Veloci 


three 

Were it not the interference caused by the yoke supporting the bea 

ki pe ings of the cups, the Price meter apparently would record the absolute velocity 

wate and, therefore, would over- -register_ with respect to the cosine velocity. Up to 


ated. 
lated : angles of about 15° it does this. For angles greater than 15° the indicated 


¥ "4 . velocity i is a few per cent. less than the absolute velocity o owing probably to the _ 
The values presented by Mr. Groat are in good agreement with the average — 


- the Yarnell and Nagler values for right- and left-hand inclinations. This a 


Bercy: be expected from the fact that the oscillating epovenneny, Ww ould | give the 4 
of the Tight- hand and left- hand effects. _ Although the Towa 


‘ments show that ratio of to cosine velocity depends to ‘some 


extent | on ‘the velocity, this does not appear to have affected Mr. Groat’ results 


Price Meter: Vertical Oscillations. —The observations 
oscillations are plotted « on . Fig. 24. | Within ‘the bua a= 0° to 25°, A ‘they 
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show an indicated velocity slightly. less than the cosine ‘velocity. For angles 


"greater: than 25° the indicated velocities are greater than the cosine velocities. 
" ‘This does not agree with the results found by the authors because, in all cases 


up to the limit of their experiments, the indicated velocities were less than 
velocities. Experiments made by the U. S. Geological Survey 


——-:1898,* on one of the earlier type Price meters gave observed velocities in all 


- _ eases greater than the cosine velocities. On . the other hand, the results found 


the authors fall between values observed by Brown and Forrest Nagler,}+ 


sil al to viinolay ay, 


Absolute Velocity, V. 
Percentage of 
cosine Velocity, 


age of V cos « — 


t 
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J 
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2% 
2% 


Yarnell and Nagler Data; 
Pater approaching from Below 


—Yarnell Nagler | Data; 
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T OSCILLATIONS: ON SMALL Price METER. 


me difference may be due partly to the fact that in one case the meters - 


were held at a constant angle of inclination against the current, while in one 
_ other they were oscillated, probably at at a varying rate. It may be noted that the 
mer results on the acoustic Price meter do not show as great departures 


_ from the cosine velocity as the electric Price and are in good agreement with 
Groat’s “observations up to an angle of about 20° degrees. Betw een 


angles s of 20° and 30° the acoustic me meter gave i indicated shout 3%, less 


Shh. 4 


ae Haskell Meter: Horizontal and ‘Vertical Oscillations. —The observations 
a for the Haskell Meter No. 1 as recorded by Mr. Groat,t are plotted on Fig. 25. 


a ‘The ‘observations for both horizontal and vertical oscillations are given, and 


it can be seen that Pada is no marked difference between | the two, although 
_ the latter may have slightly smaller departures. Mr. Groat’s seein agree 
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om | ‘ils with the depa silat observed at Iowa for water approaching the meter 
- horizontally from the left-hand side; but they are greater than the departures 
cities, 


- listed by the ‘authors for water approaching from the. right side. 
100 
‘Time of Length 
Go ott Oscillation 7 of Arc 
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Wate approaching from Left 
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ity in Percentage of Vcosa 


Indicated Veloci 
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Velocity of 


Oscillation saa 


Yarnell and Nagler Data; — : 
pal Water approaching from Right 
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Oscillations : ‘Pulsations —Mr. Groat’ experiments on longi- 
in 


tudinal oscillations indicate a slight under-registration, amounting ‘to between 


2%, for both the Price and Haskell meters when the oscillations 


La - were not at a high enough rate to give negative. velocities relative to the 
neters meter. _ This 1 may have ‘resulted 1 from the rocking motion of the frame which 
in the produced a slight vertical component in the velocity of the water relative to the | 

at the meter. When negative velocities were created, over- registration occurred, as 

rtures- was the case in the authors’ experiments, and probably for the same reason, 

witl as a result of contacts when the rotor was running: backward. 


tween ‘The Yarnell: and Nagler Experiments on Inclined Meters. general, 


Me Groat’s observations agree, fairly well with, ‘these obtained by Messrs, 
ia Yarnell: and Nagler. writer is inclined to believe that a part, at least, 


the differences between the two, result. from the fact that the authors 

Ba experiments a steady flow impinged against a meter held at a constant angle, — Me 7 
es while i in Mr. Groat’s experiments the oscillations probably caused both a vary- a4 


ing angle and varying velocity. this reason the latter may be somewhat 


more representative of actual conditions in turbulent ‘The 
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eonstant angle. it is difficult to account for of the 


=... In the case of the experiments on the meters” with horizontally ‘inclined 
‘eS at a loss to understand the wide differences. in 1 the 


departures” obtained when the water approached the meter from one side and 


those. obtained when the water x approached at the same angle from the the “opposite — 


The rotors of these meters a are symmetrical and would be ex e expected to 


| show the same | effect for a given n angle regardless. of the direction of approach — 7 

of the water. . The projecting contact box and electric connection on the hori- — 

 gontal s supporting arm probably have some ‘influence, but | it would seem that 


it was too far behind the rotor and of too small dimensions to have e the | pro- 
“nounced effect indicated in T able 3. a ‘For exa ample, note the differences i in the 
departures of the indicated from the cosine velocities for right- -hand and left- 


hand approach. — All screw meters | listed in T able 3, with the exception of a? 


Medium Ott, gave departures | several times greater when the | water ‘approached 
from the left side than when it ‘approached. from the 1 right. The: writer ques- 
tions whether these differences a are the result, of s some inherent characteristic 


of the meters or - whether they ma may not reflect : a distribution of velocity or some > 
other condition in the flume when the ‘meter was inclined toward one 


Wie! 


different from that existing when it was inclined toward the opposite side. 
«if this was not the case then the screw meter loses an ‘important advantage over - 


the cup meter in that its its departure is also” dependent on 1 ae = of 
approach of the w: water as as well as the angle, of approach, 


t W ‘ater. 

Taking consideration ‘that the experiments show that 1 the velocity 
7 4 

“registered by the n meter depends ‘on several factors—including (1) the angle 


4 of approach ; (2) the direction of approach ; (8) the velocity of the water id 
tse 


i; (4) the possibility of negative velocities ; well as as the type of 
a meter—it i is easy to understand the difficulty encountered in attempting to 


, pply the results of the ater experiments to the observations obtained in 
turbulent water the first series. While the experiments 01 on inclined meters 


are of c considerable value, they are in effect stream-line 1 ratings of f the n meter 7 
at inclined ‘angles, and not strictly apply to turbulence ‘consisting of 


variable velocities ‘and angles of approach. | To be of real value Shey ae 

explain the performance of the meter in ‘turbulent flow 


7_ It is unfortunate that in the turbulence experiments the observations ° were 7 


not taken over a longer period 80 that the performance = each meter at a 
given point could be compared. Experiments Nos. 8 and 9, in 


“duplicate readings a as shown in ‘Table 1 were taken at sai’ point in the cross- q 


* - section in order to determine the possibility of error by taking observations y 
££ too short a ‘time in in turbulent water,”+ | it was found - that “individual obser- .¢ 


- vations of velocity i in this turbulent water, ‘taken for the usual length of time, 
vary as much as 1 0% Such errors, however, are largely 


Experiments ‘Nos. 8 and 8(a). (Table 1+) the average differ- 


Proceedings, Am. Soc, Cc. B., ‘December, 1929, Papers and Discussions, Dp. 2631. 
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Large Ott... 0. 31 : 


- bls The large maximum differences at single points show that the observations 


“were too ‘short to get the correct value of the velocity indicated by 


too an n ‘and this makes the comparison of. the average 

at the eight points more reliable. ils I etal a mal. 
=<. Although the authors ran Series Nos. 2 and 3B for the purpose of ‘obtaining 
data that would ‘explain the performance of the meters in turbulent water, — 

this cannot be done by the experiments thus far presented. Not only do the 


later experiments fail to account for the observations obtained i in the turbulent 


flow experiments, but they indicate either there i is some hitherto unrecog- 
the flow was have not been out in the paper. 
Table 3 and Fig. ‘15%: giving the results with inclined ‘meters, “indicate 


that, ‘in all cases, the 4-blade Hoft ‘meter should register a smaller velocity 

dean the small Ott meter and that as the angle of inclination, . a, increases the 

difference in indicated velocities ‘should increase. Although the magnitude 
the departure ‘depends on whether the water approaches the meter from. 

right: or from the left, the direction of ‘approach was presumably the same - 

meters, and they should show ‘the same relative departures. Morcover, 


the authors conclude that if, as was the case in Series No. **k the electric (coms 


tacts. are made at intervals of several revolutions, all meters will register the 


correct average of a variable velocity. When, however, the average of. 
of the small Ott and th blade Hoff meters in Experiments 


: Nos. 8 and 8(a) are compared, it is found that at four of the eight points the 


Hoff meter |; gave . velocities from 4 to 17% greater than the small Ott meter. 
Experiments and 9(a) the Hoff meter indicated velocities from 12 


of or by anything by the oblique flow experiments. 
y fat The unusual condition of turbulence existing in the flume i is shown by th 


fact that in three out of the experiments (two of the total of ten being 
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ence between duplicate readings each of the eight points, as well as the 
| maximum difference at any one of the points, is given in Table7. 
n that 
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duplicates) the screw meters registered from 25 to 50% greater velocity than - 
the mean derived from the discharge over the standard weir. | ‘Considering that 
screw “meters” always ‘under- -register oblique velocities, it must be concluded 

that there was an area of zero OF negative flow in the section and that the 
=e 2 area of forward flowing water was materially less than the total cross- 


sectional area and therefore: resulted in abnormally high velocities. "While 


areas of stagnant or backward flowing ‘water are sometimes encountered in 


stream- -gauging work, particularly immediately behind obstructions, it is gen-_ 
erally possible - to recognize an and d to take this condition into account, and such ~ 


highly abnormal conditions as were apparently , created in the authors’ flume _ 


would be almost unique in field work, 
Correction of Observations Made in Turbulent Water.—The writer believes 


that notwithstanding the impracticability of attempting to obtain the proper 
correction to current meter observation n by evaluating each of the several al factors 
‘influencing the registration of the “meter, is possible to carry out field 
“measurements in such a 1 
errors introduced by turbulent flow: There ¢ are several methods that should 
7 be given consideration by : any one whe moat measure a stream that is more or 


Two Measuring Sections—If two measuring are close enough 


4 together so that there is no change in the quantity of ater passing the sec- — 


tions and yet far enough apart so that the conditions at the sections are differ- 


some indication is given the amount turbulence in the stream 
also which of the two will give the best result. This is ‘increasingly 

valuable if the » shapes: of the sections and the distribution of velocities are 
“materially different. This, of course, does more than show which of 


a  Neldge: supported by several piers—check measurements made from a boat or 


from a temporary cable a short distance up stream will give the correction 


to be applied to measurements made at ‘the lower section. ante wat 
of of dealing with by Baffles-— 


easurement of Turbulence.—It. seems to the writer that a 
Knowing. shane. ‘direc- 
tions, the to be applied to the ‘Tegistered velocity could be made by 
means of the departures shown on diagrams similar to those presented by the ; 
authors. _ The use of such an instrument would be confined to shallow channels" 


or to streams having a low velocity wt ek: #10 od 


Inclination of Meters—In ease of rigidly suspended meters it would 
= seem possible t to arrange t the suspension so that the instrument could be rotated 


on in both horizontal and vertical | planes through 15 or 20° from its ‘normal posi- 
ay the direction giving the great st 
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velocity: could be found by trial, and the velocity at tl the point of observation 
corrected accordingly. ic This method could not be used with a cup ‘meter as 7 
moderate changes in its horizontal ‘position would not change the velocity 
‘The disadvantage of this ‘method, aside from the trouble of 


get the true average and eliminate the effect of 


of Two Meters. simultaneous: measurements are with two 


assumed with considerable reliability that ‘the true « lies between 
flows indicated by the two meters. Unless the turbulence is caused almost 
_ entirely by vertical components of velocity, the cup meter will 
screw meter will always under-r -register. ‘It remains to at 
the velocities indicated by the ‘two the true lies. 


authors’ flume. Table 2* gives the e departures of of the velocities indicated by the - 
‘different meters from the true ‘mean. velocity” in the flume. ‘Fig. 17+ gives 


the relative registration of the ‘meters when it is assumed that the current rit 


approaches the meter from a all directions with equal: frequency, and oe: 
more data, it can be assumed that this was the condition. in the 


¥ ah (b) Under-registration of the medium Ott meter is twice as great (as oad 


-registration of the Ott meter is equal to over- registra-— 


given by any of the meters alone: 
~ 


‘aoe We ® Deduct one-third the difference between ‘the Price and the medium 
_ Ott velocities from the Price velocity. 
one- -half the difference between the Price | and the small 


g this is piven in Table 


is obvious that for even such highly turbulence as there was 
in the | flume used for ‘those experiments, ‘and. with nothing to to indicate the 


n of approach, or the nature of the turbulence, this 


predominating direction the x 
_ method gives much better results than were obtained by any ‘Single 3 meter. 

- Omitting Experiment No. + more than one-half the results with the two- 
em method are in error by less than 2% and the greatest error is 6 6. 2 per iz 


cent. Wei the single ‘meters more than one-half the results are more owe 
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‘18% in: error and the greatest error is 61.6 per cent. In all cases except one, 
abe, two- meter method gives a a better result than any of the single meters. 


In Experiment No. 4 the electric Price meter indicated a lower velocity, 


than either the large or small Ott meters. — It under- registered by 17.4%, 


while. the acoustic ‘Price ov over-registered by 18. 5%; there is, therefore, some 
4 question concerning this run. Experiments Nos. 2, 5, 7 and 10 were omitted — 
in the preceding comparison for the reason that in all but one the screw meters 
Indicated from to 50% "greater velocity the true velocity, and 
‘Experiment No. 7 three: of the four screw meters over- registered. — As bes 


already been pointed out, this indicates” a condition that is not entirely 


explained by the data presented. ef Yo wine 


TABLE 8 —Error 1n Computep rrom VeEtocitizs REGISTERED BY 
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Departure by Price meter, trom authors’ Table 2. sotiod ult 257 


_t Departure by screw meter, Table 2. 
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Suspension.- preceding dis scuss ion relates | to rigidly suspend 


‘meters whereas tor he ‘greater number of eurrent- “meter measurements are 
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‘LEACH ON EFFECT OF TURBULENCE ON CURRENT METERS» 1417 
bs “measurements i in turbulent t water will apply equally well to cable suspensi 


will n ot er-register as much with suspension as as when rigidly 


"further work be done to completely the effect ‘of of 
by a 


~ approach « on the r registration of the nearly symmetrical screw meters, and that 


this be done i in a channel of relatively large cross-section * eliminate, in so far 


as s possible, the ‘obstruction caused by ‘the meter itself. It would also seem 
- that turbulent conditions more nearly representative of those actually encour 


- tered ix in practice could be obtained in the 10- ft. hydraulic | canal, : and that 


‘some rational method of correction could be developed by « comparing: the per- 


formance of different 1 meters at the same point other and with 


In closing, in their 


attempt t to unravel an intrlente problem. ‘He well recognizes the i impo 
before embarking o on an experimental program, all various 
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the authors will find the opportunity to carry out further investigation of this 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 


PAPERS AND DISCUSSIONS 


af This Society 1s not tor. any ‘statement ‘made | or opinion ‘eatin? dare, 
4 


, AND R.F. Parrerson. 


og 
= ‘Mrrra,t J UN. Am. Soc. letter). $—The writer believes that 


x  eltien was quite justified in increasing the allowable stress in steel 


by 5 50% for dead load ‘(Article 3008). It is ‘really i in keeping with progress 
admit that i in this way y engineers are learning. more about steel 


oe true that a decrease in the “factor of safety” is thus permitted, but a 


- telatively: high factor of safety does not seem necessary for dead load. The 
factor of. safety has been justly, termed a “factor of ignorance” and should 
not be Justified if it can be shown that it is much less for dead load than for 
live load; that is, a designer is ‘more e certain of the value of the dead load if, 
4 Oceasionally, a bridge may, be to withstand unexpected 
ean for which it was not designed ; but it could scarcely be expected that — 
occasional over-stresses would ever be ‘produced by its own dead load. If 
at all, they would have to be produced by some external force which may well 
be considered. in the same category as live load. _ Therefore, would it not be om 
to assume that even if a bridge were | ‘designed with a marginal factor 
i of zero for dead load and 34 for live load, it could easily withstand 33 times tar 


| - the normal maximum live load before it would fail? Would it not follow + 


_* Discussion of the ‘Gpagifications: fom, Railway Bridges, continued fro 
Asst. Bridge Engr., Brant! 
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MIT RA “on STEEL -RAILW: AY BRIDGES 
Augus 


from this that for ‘the safety of the bridge, Satta fe 
an and for live load are quite ample? 
mn ne ; ne On the other hand, the writer differs with the Committees in regarc 1 to the 
new impact formula (Article 204"). As will be seen from Fig. 


the: old formula, would be preferable because ‘it appro aches 1 tests results, 


3 more nearly Gan ‘tin new one, On the other hand, disreg arding test 
results and considering the old formula as. correct, the new ¢ one should be 
= such to give higher values since the decreased dead load of the bridge adopt 
causes: the effect. of impact to. be increased. In other words, the -curve | “eases 
Fig. 16), of a bridge designed according tot the new specifications would while 

be expected to be somewhat ; higher. The new formula does give higher values | the s 

only for lengths greater than: 137 ft. For lengths less than 80 it gives 
values that are even less those by t ests. 4 


A, tests 910 
Bu lletin No. 125 


we 


av 


‘The writer, therefore, is. of the o opinion ‘tat ‘until new TJ, -curve is 


obtained, the old formula would serve the purpose better than ‘that proposed 
( tees. If, by experiment, n ‘no appreciable difference is noticed i in 
-curve (the writer expects difference to be rather small), then the 
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ist, waste ON ‘STEEL RAILWAY "BRIDGES 


“much that is commendable in the of 

ference Committee. This” discussion is restricted to the subjects of‘ ‘Loads” 

and “Stresses,” which the» writer r believes to ‘constitute the important features 
of a specification and to which ‘discussion 1 may well be limited. ‘Possibly, the 


best: that can be hoped for from a general specification is ; that it will be 
£ Sohail by engineers as a guide for individual specifications; and, in such | 


the s sections on “Loads” and “Stresses” will, no doubt, be used j in 


On being pres 


- bers rs of the Railway. EB ngineering | Profession will, without doubt, first — : 


3 the necessity or occasion for the new specifications, and, secondly, the i in 
The specifications of the Railway E Engineering Association, as 


- revised | August, 1925, represent a a ‘great deal of work by the members of that 


qi Association and constitute a very satisfactory specification for steel rail 
"Thats ‘at are doubtless 1 many features of these specifications which 


not. aecepted by all railroads, but they probably come as close to Ineeting — 

. eral ayprovel as any single set can. The writer has not heard a demand for new 


Possibly th the first thought of the writer of a new specification for 


q bridges is to originate an engine loading which will be an improvement a 


the Cooper loadings; and, second, to improve the impact formula. This is not 
strange, as. it has long been recognized that the Cooper loadings do: not conform 


fF to actual engines in use, and knowledge of impact is far from satisfactory. ‘aig 


Mise “Ta the past, while the ‘subject of wheel loads has been given much thought, 


a 
ore ray engineers have, i in gener al, agreed that the Cooper loadings ‘meet ‘their 
an qusenanes better than any others yet proposed and have continued to. use 
ir them. In the opinion of the writer, the Cooper system of loadings i is not as 
ies unsatisfactory as many engineers seem to believe, and with the wide | variety of _ 


heavy locomotiv es now in use, and coming into: > use, i it is probable t that they 

"y will actually be a as ‘satisfactory, i in most cases, as any one combination of axle | 


| 
| 


The writer has prepared ‘curves of ‘moments and shears for proposed 
loading,+ together with Cooper’s E-60, E-65, and E-70, and the | heaviest 
ee engines: in use on the Illinois: Central System, for spans of less than 200° ft. 
— On the shear diagram, the eurve for the A-64 loading follows closely the 
Cooper loading, but is not as smooth. The curves for the Cooper loading satis 


follow 1 the diagrams for actual engines. On the mi moment diagram, 
aes 
the result i is very ‘much ‘the same. ~The Cooper loading approaches closely the 


eetual engines, provides a smoother curve, and for spans between approxi- 


Engr. of Bridges, Ill. Central R, R., Chicago, 
Received by | the Secretary, May 12,1930. 
t Proceedings, Am. Soc. 1929, Discussion 
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‘PATTERSON ON ‘STEEL ‘RAILWAY BRIDGES 


es is apparent, therefore, that for spans of this length, which constitute J 

oo the greater percentage of railroad bridges, nothing i is to be gained by disposing 
the Cooper loading ‘in favor of the one proposed. Another important con- 
sideration, although i it is not an engineering point, is ‘that the railroad operat 


ing officials have become familiar with the | Cooper system and a departure from 
these. loadings would create considerable confusion within railroad organi- 


“fications in the provision for loading spans carrying 1 more hen one track. 


- This is a matter of judgment, and it is probable that the A. R. E. 7% ‘specifica- 
tion is entirely safe. It is a question whether present knowledge of the subject — 


- impact is sufficient to warrant offering a new formula varying only slightl yo 
from the one included in the A. R. E. A. .. specifications.* As between the 
two formulas—curves developed for spans of from 25 ) ft. to 300 ft. cross at 


a length of about 135 ft. and show a variation of a8 maximum of 10. 1% at 
800 ft. it is very doubtful whether the present formula is within this per-— 
_ centage of being correct in its application to all spans. Tt would seem illog- 
-jeal to change a formula, which has now been in use for several years, for 


which i is not based on more exact information. 


On the Illinois Central Railroad, impaet from the 


The writer does not see the logic of computing ‘on multiple- track 

‘Referring to Section 3 (“Unit Stresses”+), the writer questions the change 
in | column formula. The A A. R. E. A. f . formula i is simpler and is probably as well” 
- founded as the one proposed. 7 It seems to be a | step backward to » adopt Article 


800,t providing for an, jimerease o of 50% in unit stresses for dead load. ‘This 


"wo ould only mean enerodching upon. the safety factor, and past experience would | 


certainly not indicate “this would be a proper thing to do. the 


"present state of knowledge i in this field, the Conference Committees do 


better than to adopt the A.R.E. A specifications for loadings and unit 


and, as far as results are concerned, the entire specifications. 


R. F. Parterson,t Esq. (by letter). §—These specifications seem to 
factory and the writer has only one suggestion to offer. Under ‘Part II, 
describing “Materials” a specification should be included for copper ‘steel. 
ars “salty” places, the use of this structural material h: has proved to be sufii- 


> 


= alt Loc. cit., p. 2653. 
Care, Hotel Plaza, Camaguey, Cuba. 
Received by the Secretary, June 2, 1930. 
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RA AINE ALL CHARACTERISTICS AND THEIR RELAT 


By Messrs. R. W. Powsut, , GLEN N. Cox, C. R. Perms. 
W. Powstt,t Assoc. M. “Am. Soc. C. (by letter). t—In making this 
com lete compilation of rainfall data the author has rendered a reat service 
piet 


7 to o the Civil Engineering Profession, and his discussion of the data is ‘also pi, 


ar. author oe that “no direct relation is traceable between en and 


_ sunspot periodicity”, which seems to dismiss too lightly the results of the” 
extensive study that has been put on this subject. The writer would no go as 


that there must be 8 some ‘truth behind their computations. | men 
Huntingtontt a nd Claytont} ‘seem to establish a scientific basis 
relationship between solar radiation and rainfall. 


as 


Fs Some studies on this subject have convinced ‘the writer that the variations 
if in annual rainfall do not take place purely at random but must be regarded as 


f random variations of fairly large amplitude superimposed ‘upon several cyclic 


_ Discussion of the paper by C. S. Jarvis, -M. Am. Soc. C. E., continued from May, 1930, 
Re. Asst. Prof. of Mechanics, The Ohio State Univ., ‘Columbus, Ohio. elassa ist out 4 ww 
Proceedings, Am. Soc. C. E., January, 1930, Papers and Discussions, P. 


Sor || ‘An Examination by Means of Schuster’s Periodograms of Rainfall Data from Long 
= Records in Typical Sections of the World”, by Dinsmore Alter, Monthly Weather Review, — 
February, 1926, pp. 44-56; also, several other articles in the same periodical. = 


es { “Sunspots and Rainfall”, by Abraham Streiff, M. Am. Soc. C. E., Monthly Weather 
Review, February, 1927, pp. 69-71, and a former article in the same periodical for July, 1926, “ 


“Rive Important Weather and Earthquake Cycies”, by H. P. Gillette, Am. Soc. Cc. 
Water Works and Sewerage, October, 1929, pp. 429-432, and “A 22.4-Year Cycle in Rainfall 
: and Its Cause”, by the same author, in the same periodical for ‘November, 1929, pp. 477-480. i 


ay 


>: 


“World Weather”, by H. H. Clayton, 
“Relation of the Sunspot Period to Rainfall’’, pp. 309- 314; ‘the ‘map on p. (264; and th 
chapter on “The Sun and the Weather”, pp. 215-269. f 
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variations of smaller amplitude. For example, the follow wing equation was 


deduced for Boston, ‘Mass. 


es which, y is inches of rainfall to be expected in any given year; k is , 360 to 
Lan give e the angle, i in degrees, or | Qa to give ity in radians ; and is the date 
D.) of the year ‘considered. it A, Aw 
7 _ The 111 years of record from 1818 to 1928, inclusive, fitted this. equation 
“vith am average deviation of 4.28 while the average deviation from the 
mean was 6.36 in. &E quation (1) is not recommended for use in GES the 


‘rainfall at Boston; it is given ‘simply to illustrate the fact that after the best 


combination of cycles has been selected to fit any given set of of data, the bedi 7 
vidual deviations will still be large. the -eycles ‘concealed by these 


random etbrosirerearrs may still be Teal, and the writer believes that o one of them 


variations in sunspots. (1) is empirical ; the of 
a the last fraction could have been changed to 11 or 11.2 2; some of the coefficients 
4 could have | been changed and the would have the 


a ee of the amounts of annual rainfall at a given station, when no 


fy account is toe of the order of occurrence. _ When the figures for annual rain- 7 


= ashe fall are arranged in the order of magnitude, ‘what is the result?  . he author 


has touched upon this, question | by presenting - Fig. 3,f which is a semi-loga- 
i rithmic plotting of part of the data for four stations; but for the remainder he 


has indicated 1 the variability only by 1 giving 3 s the 1 max <imun m and minimum of the 


= 
observed values. This i is manifestly a very uncertain method of describing tthe 


os: variability, because it depends on only, the two ‘measurements and neglects all x, 
. i. the others ; and also because it it depends quite a little on the length ¢ of the per riod 7 
= recor s ig. shows, i years 0 recor rave indicate a certain 
4 f record. As Fig. 3 shows, if 20 f record h licated a cert: 


Tange between maximum and minimum, is. probable that 200° years of 
a. record at the same station will show a range of about twice as much. If ‘the 


oe data for all the stations were plotted i in this same way the lines for the stations _ 
- ow here the annual r rainfall i is most variable would be steepest and the slope, or a 
ome number depending upon it, could be taken as a measure of the variability. - 
Ina ‘paper entitled, “Flow in California Streams” data are given 
* annual rainfall for about 260 California stations for the 50 water ‘years, 1871 1-72 2 ee 
1920- 21 (or for those of them that a are known). Rainfall is expressed _ both 


4 2g Bulletin No. 5; Devt. 
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stations in the first group are included in the ‘author’s list. To these, the 
See an article by the writer in Annals of Mathematical Statistics, May, 
i ‘Div. of E SE 


hem 


writer a added from the supplementary table and for “of these 45, he 


plotted a graph. Figs. 9 and 10 are ‘the plottings for Stockton, Folsom, and 


Sterling. we. hese show the method and jllustrate one of the less variable <a 


tions, one more nearly the average, and the most variable, respectively. The 


= a 
10-Year Maximum, 139% “ke 
Maximum, 


| Median, 103%, 


Year 59% 100-Year Minimum 


100-Year Maximum 


es 
ge of Mean A 


10-Year Maximum, 142% 


Percenta 


fe 
0 


-Year Minium 


Serial Numbers 


AND FoLsom, Cauir. ; 50- Yaak | 
*: method of plotting is slightly different from that adopted by the author. 


- ~The « curves are turned so that the numbers | increase from right to left. instead — 
of left to right the serial number of the order of magnitude is 
instead of “average period between occur rences, of a give en amount.” This gives 


the as the author’s method without the  wouble of computing the 


average periods or of plotting fractional amounts. 


_ From these curves the expected maxima and minima every 4, 10, and 100 ie 
years, and the median values, w were read and tabulated i in Table 6. The 4- “year 


= to. the tinge law ‘of error” 


maxima and minima would be the ‘probable error”. or standard 

multiplied by 0. 6745. At first thought, this would seem the best. constant 
which to measure variability 3 but it was found that stations -witle about the a 


_ Same range between 4- year maxima and minima displayed very different ranges 
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POWELL ON RAINFALL CHARACTERISTICS 


between, 100-year maxima and minima. However, as the period of record 


averages only about 40 years, the 100-year r values are somewhat uncertain. It | 


a 7 was | s thought best, therefore, to note the 10- ~year maxima and minima and t to 


: i take their difference as a measure of the variability. | ‘This. difference is tabu- 
“ated i in Column (11), Table 6, and the stations are arranged in the order of 


increasing variability as thus measured. Column (1) the number of the 


— —— ft Year— 


Pade 
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No 


Median 


4-Year  Minimen 


‘| 


dun al Serial Numbers fs ails at toy 
tik 10.- —VaARIATION IN ‘ANNUAL RAINFALL AT STERLING, H OT 


station corresponding to Column (1) of T 1 * (It should 
“—* noted that the number of years of record i is 3 almost always less than that ‘given ; 


"years 1871 1921). pi The values given in Table 6 are sufficient to enable 
‘reproduce the curve, so ) that the expected variation in ‘any other period of 
years desired may be determined with an. accuracy about as great as is justified | 


~ ght The curves given in Figs. 9 and 10 are typical and show that the line result- 
ing from this semi-logarithmic plotting is not generally straight. A Some investi-_ 
gation was made of other methods of plotting. Hazen’s arithmetic probability : 
Proceedings, Am. Soc. Cc. E., ‘January, 1930, Papers and Discussions, p. 34 et seq. 
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Station. 


rt 


10 


or 


irs of | 

| 

f record. 


= 
100 years 
record. 
Variation, f 


10 years of 


bs 


years o 


- ‘record. 


~ 


225 |Mount Tamalpais.... 
| Lick Observatory.... 

260 

Nevada City 
Lake Spaulding 
Placerville . 
Tamarack... 
Fort Ross 
Stockton 


Mount Wilson 
Mokelumne Hill...... 
Santa Rosa 

Fort Gaston 


Lemon Cove 
Weaverville 
\Marysville 

San Francisco 
San Bernardino 
|Helen Mine 
Cuyamaco.... 
Red Bluff.. 


Monterey.. 


|Bakersfield 
|Lowe Observatory... 
|Campo.... 


|Boulder Creek. 


|Sacramento 

|San Luis Obispo 

-|San Diego........ 
|Tehachapi 

2 |Los Angeles 

|Santa Barbara 
|Riverside 


4 
4 


No rain 1 year in 31 years (on the average). 


t No rain 1 year in 16 years (on the average 

gives a line more ‘eurved than the semi- -logarithmic. 


rithmic probability papert is still worse. Goodrich’s skew 


was also tried and seemed about equal to Hazen’s arithmetic paper. Halts 
= probability paper§ gave an almost straight line, was to be 


* Transactions, Am. Soc. C. E., Vol. LXXXIV (1921), p. 220. hee 


“Straight Line Plotting of Skew Frequency Data,” by R. D. M. Am. Soc. C. E., 
% _ Transactions, Am. Soc. C. E., Vol. 91 (1927), pp. 1- 118. 


eat) « § be Probable Variations in Yearly Run-Off as Determined from a Study of California | 
ih Streams”, by L. Standish Hall, Assoc. M. Am. Soc. C. E., Transactions, Am. Soc. Cc. Ez. Vol. 

LXXXIV’ (1921), pp. 191-257 ; Fig. 4, p. 
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RAINFALL CHARAC TERISTICS S 


expected ‘since it was derived from. the flow of ‘ Oéliforiia: streams; but when 


data for the Northeastern United States and Northwestern Burope “were 


slotted, it did not give as straight —— 


“we A further study of the slope of ‘the frequency curves was made by using: the 


7 ie data from twenty of the stations, , which | gave | a total of 1000 years of 7 
record. The stations used, in ascending order of variability, were Auburn, 

Nevada City, Placerville, Stockton, 1 Folsom, “Marysville, San Francisco, San 

Bernardino, Merced, Truckee, Bakersfield, Sacramento, San Obispo, 


San Diego, Los Angeles, Santa Barbara, Independence, Indio, Mohave, and 


Sterling. It must be admitted that this selection is somewhat ove overweighted 
with stations « a: high variability and that the extreme values from a few 


stations appear very prominently, so that the resulting curve (Fig. 11), 
obtained by) using these 1000-year data as though they were all obtained at 


one station, is hardly typical of the State as a whole, but of its more variable 
‘portion. ‘In other words, the middle portion of the excluding, say, the 
upper 50 and lower 50 of the 1 000 values, is ; fairly typical of the State as a 


whole, while the “tails” are typical of the most variable stations. = 
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Frc. 11. —VARIATION 1 IN ANNUAL RAINFALL AS ILLUSTRATED BY wat 
COMPOSITE DATA FROM TWENTY CALIFORNIA STATIONS, 


that of. other series of composite rainfall records totaling 1000 years 
a record each.* * One consists of records from ten stations in the Northeastern 


Es United States, as follows (years of record given in parentheses) ; Boston (110); 
Lowell, Mass., (99); New Bedford, Mass. (108) ; Providence, I. (98) ; 


abs (208) New York, idles Y. Rochester, N. (98); 
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: Pa. (108) ; Lebanon, Pa. (82); and Baltimore, Mad. qa 06). 8 The other consists" 


of records from eight stations in Northeastern Europe, as follows: 
France (186); Lund, Sweden (160); Kendal, _England (135) Edinburgh, 
Scotland (120) ; Greenwich, England (109) ; . Tilsit, Germany (105) ; Coven 
 hagen, Denmark (100); and Brussels, ‘Belgium (85). The points for North-— 

eastern United States and Northwestern rm Europe agreed so nearly that 


eurve was drawn to represent them both. hive 


| 

‘ 


¢ 


These data were | also investigated by | ‘the » methods g given by Fry.* Using 


notation, data gay gave the values listed in Table 7. 


TABLE 7.—CoMParIson | or Frequency Recorps. 


California Jnited States and 


Europe. 
Standard deviation, in pefcentage of annual rainfall.) V7. 1 - 


netry, or skewne ° 


| 


of Type criterion 


These distributions (Table 7), therefore can be represented by Pe earson ’s 


Type IV, or by a Gram-C harlier series, or perhaps by some form not ‘considere 
by Fry, of Krichevsky. AP. the Ante 


because ‘the data. are not really homogeneous enough to be ‘combined , it: is 


interesting to note that the California | streams investigated by Hallt gave es 
n am “coefficient of variation” of 0. 48, while the tainfall gives 0.403 (since: the mean 
es, is 100% and “coefficient of variation” is defined as standard deviation - = _mean). 


“s “Probability and Its Hnginecring Uses, Chapters and IX. 
Pre (192 1), Dp. 191. 


in 


"While no great: importance can be attached to the values for California rr, 
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“aga H. R. Tolley states* that several hundred y: sensi : of data are necessary before 


the: fourth moment (which | is what determines the “flatness”) can be deter- 
mined accurately. This is probably true, but the writer believes: that it is 
allowable to build from ‘stations having similar charac- 


run- will be. found to have a’ “flatness” oft more e than 3 (the value 
or “normal” distribution) and th ms therefore will be more 
than in the case of normal distribution. While normal distribu- 


is the only kind with which most engineers are wie it is s really a very 
_ 7 _ special case that does not occur very commonly i in Nature. If it proves to be 
true e that, extreme variations are are more frequent than a normal distribution 

would call for, this fact may have important applications i in investigating the , 


_ probabilities of floods and ‘droughts. — For r example, perhaps the 1894 flood on 
Columbia Rivert was not so as was thought. 


_ The author’s Fig. 4 is extremely interesting ¢ and one cannot but conjecture ! 


if, instead of “maximum rainfall observed” for ‘the various periods at 


the various , stations, one could plot | “maximum to be expected” in, s say, 10 


Gun N. Cox, ©. (by letter), 
author’ hydrologic studies a are very valuable, , especially since the rainfall 
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13 —_——n 24-Hour RAINFALL IN THE STATE OF ‘Towa, IN INCHES. 


Curves of Climatic Phenomena,” Monthly Weather Review, 1916, 
63 4-64 
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is PETTIS ON RAINFALI rics 
‘There | is one consideration that should be kept in mind. With such an 


exhaustive study as this, the final results may not represent the facts in every Po 
detail. . For example, it in Fig. 18, the maximum rainfall of Towa is shown as 
varying from more than 4 in. in the southeastern part to more than 7 i in. in the 


values in ‘Fig. 13 were taken from the ‘Weather ‘Bureau records pub- 
by the | U. 8. Department of Agriculture. These results” show that | an 
erroneous impression might be obtained | from n Fig. as presented by the 


~ author. | Bonaparte, Towa, i is in the southeastern part of the State, practically 


on the ‘Sin. isohyetal line in Fig. 5; yet the records show a measured rainfall y 
of 12.10 in. from this stati station. L arrabee, with it its 12. 99 in. of measured aie 
i fall, would be practically o on a 6-in. isohyetal line. 7 In Fig. 13 note the wide- _ 


_ spread distribution of the stations which — had measured rainfalls in excess — 


is quite ‘evident that a study as that presented by y the author can 
- only furnish general indications and that the records must be consulted for 
~ detailed information on the locality in 1 question. It. would sometimes prove | 
disastrous if engineering works were to handle such low values of 


Pertis + M. Soo. EB (by letter). {Table 1 (Appendix I)§ is a 


| brary of We every engineer who is interested in the subject of river flood flow 
a contains a great deal of information in convenient form, and from it an 


engineer can obtain: idea about the characteristics f nearly 


to the ‘subject of meteorology, and should be 


; The comments made in ‘this on the relation of rainfall 


river flood flow, and with particular reference to ‘maximum precipitation 


entitled, “Storm Rainfall of Eastern United States”, | is an 
* storms in relation to their possible flood-producing qualities. — In this report 


six days. In Table 1, the author gives p precipitation data for one hour, one 
day, and one month; of these three periods the one- e-day precipitation gives the i" 
best indication.of what may be expected i in one storm, 
In Table 1 (Appendix the flood- control engineer may use 24-hour 

a) precipitation as an | index, but he should keep in mind that the actual rainfall — 


in one storm wall, generally, be than the ‘Precipitation i in 24 hours. 


* Proceedings, Am, Soc. Cc. E, , January, 1930, Papers and p. 26. 407 

, Corps of Engrs., U. S. A., Fort Logan, Colo. 

-§ Proceedings, Am. Soc. C. E., January, 1930, Papers and Discussions, pp. 32 et seq. m4 . 
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24-hour precipitation 1s the most valuable part of Table 1 for a flood-— 
control engineer. The 24-hour data are missing for a large number of stations. 


PETTIS ALL CHAR ACTERISTICS 


7 For example, in Colorado, the values are given for only three out of fifteen 


(See Items 281, 289, and 293. est od. ids id 


| Table 8 giv es the maximum observed precipitation, ‘ “day of 24 hours,” > for 


certain stations in Colorado, obtained from the U. S. Baska: and 
8. —OBSERV Ep RaInFALL For Various ERIODS, IN CoLorapo 


— 

No.| Station. “Station No. Station, ot} precipitation 

ay of 24 || day of 24 
|Wagon Wheel Gap. fs 26 289 Denver......- coc 
J Lake Moraine.....--| 5.5. 


The author’ discussion is interesting and instructive. It would appear 


4 that he ; might have. made sc some more specific deductions after s so much sor 

the is g siven in convenient form for a reader to make his 


nag 


vn Tae poe has one per ragraph entitled * ‘Determinate Limits”,* in which he 


: - indicates that “it has long been recogni ized that there may be somewhat. definite 
_ limits of | of rainfall intensity, frequency, , duration, and variation applicable to : 
given localities” A and he adds that “an appreciation of the limited scope of 

human knowledge. ‘compared with the broad fields aw yaiting explor ration deters” 
_ = the expression of opinions among those most competent to speak.” iI various 
; _ other paragraphs the author r evidently has the idea of “Determinate Limits” 


n mind. | The writer wishes to ‘express the « opinion ‘that for both practical and 
heoretical reasons it is much wiser to assume that there is no such thing 


as a determinate limit of rainfall isetonibitiy! for any given locality. ~ An effort 
will be» made to reduce the question of ‘determinate limits to concrete terms, 


and then some of the facts will be given upon which the weiter has based his 


ih According toa formulat introduced by the writer on: thd flood discharge of a 
4 varies directly with | the precipitation in ‘the storm’ that produces it, 
ee ‘the conditions are favorable for a heavy run- -off, and when seepage can 


In ‘the United States, east of the Mississippi River 
seepage can be generally neglected if only ‘the largest floods : are being ‘con- : 


sidered. In the arid West seepage is more of a factor, but even there, in the 


larger storms it seems ‘to be almost negligible. In any case the relation betw een ey 

precipitation and run-off, or discharge, is gach that if there is a determinate a 


“limit for the one there is a ‘deterntinate limit for the other ; and, 


, Am. Soc. C. E., , January, 1930, Papers and Discussions, p i 


= 

st 
a aé 
Of 
— 
a 
a 
of 
Ww 
w 

Ss 
is 
of 
sp 
de 
— 
a 
1 
ck 

=, 
a of 
flo 

H. 
as 


August, ON RAINFALL CHARACTERISTICS 


by a number of engineers. Ini using the Foster method for floods, the 


a nd Type III. Type I has a definite upper limit, or determinate limit. — Type | 
TIT has no definite upper limit; or, in other | words, the Type Ill probability 


tation — “curve is asymptotic to the Xx is the. case with the probability curve 


va For all practical | purposes ‘the discussion 1 may be to x 


bi The question of determinate limits i is ieee closely ‘related to the questi 
of the relative merits of Type I and Type III curves) © 


No engines can flood- control works the “meager 


question whether decided one way ¢ ort the other, 


fal will not have an unreasonable effect on engineering « design. No matter what 
study ; 

long-time probabilities may be, there is always’ a determinate « economic 
is own 

wo) mF y ‘limit, to the amount of money that may wisely be spent on an engineering 


nich he “project. It would ‘not be wise to build levees to protect against a probable 
hich he :- 0000 000- -year flood, any more than it would be wise to build houses in Kansas" 
definite to protect against the worst tornado to be expected once in 1 000: 000 years. tt 


able to is essential that the | engineer should have a definite conception of the degree — 
cope of 5] of safety that he is attaining, and that there should be be full value, for money — 
| deters "spent, in| safety, or other desirable features. ah 


various ‘ie illustrate the practical difference between determinate limits, and no 


Limits” determinate limits, attention is invited to the following figures which are y° 


cal and ~ taken from computations made for Bear River, Collinston, Utah bas 4A NE 2 


000-year flood . igh ves 


-year 


Attention i is invited to the. ‘fact that for the Type 10 000- year 


flood is “only 50% greater than the 10 10-year ‘flood. ye This i is a small spread, and 

would indicate that. the river is very regular in its habits as! 

illustration is given in order to help visualiz ze the problem. If it 


assumed that there is a determinate limit, ‘this would Sh a greater degree 


uces it, 


a .. “Floods,” by F. G. Switzer, Assoc. M. Am. Soe. C. E., and H. G. Miller, Bulletin, En 
Experiment Station, Cornell Univ., Ithaca, N.Y. MLA 


~ 7 “Theoretical Frequency Curves and Their “Application to Engineering Problems,” 
Alden Foster, Assoc. Am. Soc. C, , Transa tions, Am. Soc. C, E., 


(1946 14 
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4 PETTIS ON RAINFALL CHARACTERISTICS [Papers. 

Au 
of regularity i in the flood habits of rivers than seems reasonable to the writer. , 
On the other hand, even if there is no determinate limit to rainfall or floods, i 
there will still be a definite limit for economic engineering design. 
bot the ‘Type III curve is adopted for the Bear River, it would still appear ; Fi 
to be a reasonably steady stream, and quite satisfactory from the standpoint — ’ the 


of engineering design. The writer has had occasion to use the Foster method 
with a number of streams of different sizes, and it is thought that the Bear fF 
i River may be taken as fairly typical of probability characteristics. boy cal 
The following is taken from the writer’s notebook: ~The maximum flooc 
on the Susquehanna I River, at Williamsport, Pa., between 1 1895 and 1914, ny 
141000 eu. ft. per sec. The 1889 flood was 350 000 cu. ft. per sec. Comparing 
this with the Bear Rive: it could be assumed tentatively that the 1889 flood — 
The Juniata River, at Huntingdon, Pa., maximum discharge 
1896 and 1914 of 37 800 cu. ft. per sec. - The 1889 flood was 106 000 cu. ft. per 
Which would seem to be considerably greater than the 10 000-year flood. 
The writer is of the een that neither one of the two 1889 floods was as” 


me 


Colo, between and 1920, was” 7600 ft ft. per sec. "The maximum flood 


in 18941 was 39 100 ‘cu. ft. per sec. The maximum flood in 1921 was 103 000. 
ft. per sec. would indicate that the Arkansas in Colorado is 


8 Consider now some of the author’s figures for rainfall. | In Fig. 5* * is repre- 


2 
the maximum 24-hour rainfall in the United States. In the FKastern 
of —s Central United § States the isohyetals seem to be fairly well ‘smoothed out hs 


so as to” represent average conditions, except for one place in Southeastern 
Georgia, | and another place in Texas. These two “humps” are undoubtedly 
due to two o particular storms, and they not only stand out above anything in 
the vicinity, but above any other place in the United States. If the isohyetals 
in Texas surrounding the high spot are typical, then the one storm in pope 
- set a high determinate limit for one e particular part of Texas 


is sutrounded on three eso by the 8-i -in. isohyetal. 


~ ‘the ordinary. In Table 1 (Appendix 1), the author gives the maximum 
1- day rainfall at Pueblo as 2.9 in., based on a 35-year r record. yY According to 


his remarks on “Climatic ‘Stability”,+ a 35- -year record may be considered to 
be fairly good. Nevertheless, there i is evidencet that i in 1921 there was a fall 


TAS 

of about 12 in. of : rain in 24 hours, ' within 6 miles of Pueblo. 3 Furthermore, 

there i is reason to ‘suspect that ‘in the ‘same storm, in one or two small 


§ areas, there * was an intensity of rain that might be compared to the Texas 
= which set the record for the United States. 
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August, 1930.) PETTIS ON CHARACTERISTICS 


Fig. 14 i is based on ‘the Weather Bureau records of ‘194 stations, which 
‘the length of ee varied from 5 years to 58 years. ¥ - Isohyetals 2 are based 
es of each | group. The map is s offered as a ‘supplement to 


mo} 


KT IT CARSON 


GUNNISON 


= MONTROSE 


4q 
| CROWL 
Pu EBLO 


L 


= experienced the most severe type of ‘cloudburst, and this should be con- 

sidered in using the isohyetal ‘map. Largely on account of the topography, 
storm rainfall in Colorado is much more irregularly distributed than in the — 


‘There i is need for further research along the lines of this discus- 


‘sion, In Mr. ‘Foster’ paper previously referred to, he states that in doubt 


+. as to which type curve to adopt, Type III may be selected as giving x results on ay oa 
safe side’. The writer concurs. He would “not adopt a a Type I curve, 
_“Determinate Limit,” for any river with uncontrolled flow, unless he had suffi- 


cient evidence to controvert most of his previous e along this line. 


Ihe 


— 
Papers. 
— 
writer. 
floods, 
—- 
MI | ACHE ‘_ = — 
Tig. 12.—MARIMUM 1-DAY IAINPALL, FUR COLURADU, IN INCHES. 
4 
» 23-in. 
ing out 
ximum 
ding to ; | 
ered to 
sa fall § 
ermore, 
> small 
— 


{ 


VAG 


5 


SA 
jer 


ia 


Ale 


bi 


weal 


OM a 
— 
— 
be 
Faye 
b 


AMERICAN SOCIETY OF CIVIL ENGINEERS» 


: 


PAPERS AND DISCUSSIONS 


4 Society is not responsible for. any statement ‘made or opinion expressed 
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A. Assoc, M. Ast, Soo. C. E. (by letter) 
much interest. Iti is a step forward i in the 0 deaign’ of concrete arches by giving 


consideration to the natural behavior of concrete. The subject i is well treated 
and the dev relopment_ of the formulas is clear and can be easily followed. — ‘ There — 
are, however, a few phases that could be discussed and possibly extended. 
{tor 


a Tt has been known for a long. time, that strain is not proportional to stress 
2 such materials as concrete, , stone, ‘and cast iron; or, ino other words, they — 


i 


= 


not follow Hooke’ law... In 1 1896 C. Bach§ published a paper 0 on the variable 


‘modulus of elasticity for ‘conerete ‘at different stresses. attempts 
been, made since that time to develop the formulas for structural 


with variable moduli of elasticity. - Even for a beam with simple loading, the . 
satin ti ime required for the calculation of the stresses by means of these formulas, = 


prohibitive. Bach|j proved that, in the formulas containing the variable 


ennki: moduli of elasticity, the position of the neutral axis aries with ‘the § stresses 


Max Ritter analyzed an arch by the ordinary. elastic method with the con- 


Tat 


_ Stant modulus of elasticity and also by the method with the } variable modulus a 
elasticity, using ‘the exponential ‘expression for pairs similar, to that used 
by the | author. In conclusion, he stated that for the arch where no tension i 
occurs there i is no practical difference i in the stress obtained whether a constant — 
or a variable modulus of elasticity was used. This “supports the author’s 


~" _ .* Discussion of the paper by Lorenz G. Straub, Jun. Am. Soc. C. E., continued from = 
7 Asst. Designing Engr,, Bridge Dept.; State Highway Comm., Sacramento, Calif. en 
Received by the Secretary, April 3, 1930. 
§ “Hiitte,”” des Ingenieurs Taschenbuch, 1, 1920, p. 500. 
{ Schweizerische 1907, p. 25... 
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-EREMIN 0 on OW IN CONCRETE [Paper 


henen: like Me, Straub in the formulas for variable modulus of elasticity, he 
assumed t that the exponential expression for strain of concrete in tension is 
the same as in compression. assumption. greatly simplifies the calcula 


tions although, at the same time, the formulas developed cannot be used for 


pure bending stresses without appreciable error. AY 


_ The actual stress diagram in the plain concrete in pure bending will be 
shown by the curved line, AB, Fig. 31. +t When a constant modulus of elasticity — 


is used the stress-strain line will be the straight line, A’B’, and the neutral 7 


axis will pass through the center of gravity of the section (Fig. 31), 
The stress-strain diagram for concrete varies with the grade of f cement, 


aggregate, \ water ratio of 3 mix, , the method of pouring of ; green concrete, and 
the | age of the concrete. Various curves for the stress-strain diagram to 


these factors will be similar, but will show a marked variation in tension and | 


_ Some < of the European: specifications adopted the straight- line variation | 


4q 


= 


— the moduli of elasticity of « ‘concrete, as shown’ by the lines, A”O and op” 


* (Fig. 31). This is is somewhat n nearer the actual | stress-strain d diagram and the 
‘constant ratio of the moduli of elasticity in compression and tension, sim- 
plifying the formulas for stresses. In the general study of elasticity and 


plastic flow of. conerete ‘under pure bending stresses where numerical values 
are not essential, the assumption could be made that the modulus of elasticity J 


concrete in tension varies at the same rate as in compression, since this. 
"permits ‘considerable reduction in the formulas 


BS 


; T 


In s “First Conclusion} he states that: 


terminate concrete structures ‘causes a redistribution “of. bending moments 

e structure. is 


guished 1 by excessive which will affect other parts of the structure 


Proceedings, Am. Soc. C. E., January, 1930, 1 Discussions, p. 114. 
as. “Strength of Materials, ” by Prof. S. P. Timoshenko, Russian Edition, 1916, 
“3 Proceedings, Am. Soc. C. B., ‘January, 1930, Supers and Discussions, Pp. 118. 


_ “It is incorrect to assume that in general plastic flow i in statically inde- 7 
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a by his method$ with variable moduli of clasticity, are smaller than those com- 


‘RETE ARCHES 14890 


- similar to some external disturbances which were ‘discussed by the author in 


“* ‘Take, for instance, a beam with one end fixed and the other end — 


, as shown by the author in in Fig. $1.4. The overstressed part in 
middle . 


same the reversed bending at the fixed be 
‘Due to plastic flow, a redistribution of the stresses. will occur, similar to that 
caused by the settlement of a support. in” 


- Kern analyzed : a concrete arch with fixed ends and found that the resultant — 
stresses due to dead load, rib- shortening, and temperature changes, computed 


a 
puted by the ordinary m ethod | with constant moduli of elasticity. He thus’ 7 


- proved the a author’s “Conelusion”* that temperature “stresses computed by the a 


ordinary elastic theory are * * on the side of safety”. 
oe conclusion, it may be stated that Mr. Straub has made a valuable con- im 
tribution to engineering literature, and that further theoretical and experi- a 4 


‘mental stu andy" of elasticity and plastic flow of concrete arches highly 

ed Dr. Ina. J. MELANS (by letter). |n applyi ing the elastic theory based on 


ie 
Hooke’s law to the design of concrete it is ‘recognized only 
“approximate values of deformations and stresses are obtained. assumed 


proportionality between deformation, or shortening, and stress actually does 
i: not exist in materials used for masonry structures: First, because the ratio of 
of stress to strain is not a straight-line relation; that i is, the modulus of elasticity “ 


is not constant all stress intervals; because Permanent plastic 


“the concrete is allowed to set before it is loaded. 


is not easy” to set ‘up mathematical accounting for the stress- 


des 


and for plastic he develops by of the ‘exponential 


type. as follows, p= K in which, the deformation is a function the 
stress, 6, and the time, According to available data for time-yield experi- 
ments, although these are few, this assumption seems to define the law of 
plastic deformation for concrete quite w vel. The coefficient and exponents 
dependent on the composition of the concrete and its age. 


The theory derived for fixed- ended continuous | arches based on the fore- 


Ek going equations: is ‘mathematically sound, assuming that plane sections remain — 
plane, and if the arch undergoes only compressive stresses, and no a 


Proceedings, Am. Soc. C. E., January, 1930, Papers and Discussions, 113. 
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‘VOGT AND GILKEY ON PLASTIC FLOW IN | CONCRETE ARCHES — 
stresses or only small ones, as a result of the loading and deformation. ‘With 
Ay; : stipulations, the conclusions drawn by the author are also correct. ~ How. 


ever, the conclusion: that the early removal ‘of centering from reinforced 


arch is advantageous” to the structure, cannot be accepted ‘without 
x ‘reservation. It has not been demonstrated in practice, and conflicts with the - 


rales of construction maintained to the present time, deviation from which 
é oe In any case, Mr. Straub’s treatment provides a valuable and meritorious — 


gupplement’ to, and a more thorough analysis of, the theory of concrete arches. 


FREDRIK Voer,* Assoc. M. Am. Soc. C. E., and Herpert J. _ GILKEY,+ M. AM. 
; — Soo. C. E. (by letter). +—The author concludes his ‘paper with the words : 


desirable and necessary in order to establish definitel the laws #, lastic flow 


| This i As doubtless true, and for that reason the development of an imp 


F mptions of questionable validity appears to 
premature at this time. Important problems regarding the qualitative 


well as the quantitative ‘nature of flow : are still unsolved. 
To what extent, for example, i is flow plastic and to what extent is it ‘elastic? 


~ Most structural materials have a distinct elastic recovery when a stress of 
tld 


any intensity is released. Professor F. B. Seely] alludes to the energy of this 
elastic recoverance as hyper- elastic resilience, as distinguished from elastic 


(to which the term, 1 resilience, is generally applied). Concrete has 
this: same power of partial r recovery within all ranges of stress. “That it exists pres 


com 
F or dead- load the elastic recovery is of no importance, since there of t 
1 be no release of load; but t it is is important : in n connection with stresses due t 4 etl 


is emperature changes i in statically indeterminate structures since these change -resu 


_ From observations too limited to generalize other than to ‘state that a appre- 


; ciable recovery isa reality, the writers have found that concrete, after -unload- 7 
ing, will immediately Tecover an amount about equal to the initial elastic 


deformation. addition to this first. “recover y there s seems to be a ‘slow 
additional recovery of part of the flow. 


Praag unsettled problem is the connection between volumetric changes = 


‘due to moisture changes and the flow due to load, 


“Shrinkage. is distinguis hed from. plastic flow in that ‘it is a chan 


imensions independent of external forces acting on the specimen.” : 


Let the change i in length: of an unloaded specimen at ‘constant 


bear 


: * Docent, Norges” Tekniske Héiskole, Trondhjem, Norway. 
Associate Prof., Civ. Eng., ‘Univ. of Colorado, Boulder, Colo. 
Received by the Secretary, April14,1930. ## 
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and the change i in length ofa specimen aie toa continuous s load is termed 
K flow. The writers know of no evidence that the flow determined in this way 


is independent of the shrinkage, or, to go a step further, independent of 


—— changes and changes in the fine structure of the concrete, such an 


-erystallization, ete. the contrary, there is some reason for suspecting 
that there may be a connection between the two phenomena - Iti is a striking 


rs fact that concrete specimens under continuous compressive loading, ‘stored in 


ing air, flow several times as much as if stored under water.* The writers have a 


described, -elsew here,} the result of their own experimental work on the sub- 


ject. | In air, the shrinkage and the compression | due to the load co-operate in set 


| a adieties the length, while in water the swelling under water counteracts the is 


compression, due to load. influence of the load taken separately, that is 
the flow, is several times as great in the case ( of co- operation with shrinkage 
as it is when counteracted by ‘swelling, even after the direct shrinkage and 


| swelling (as determined unloaded specimens) have been deducted. 
oe While the difference i is. due in part no doubt to the difference in ae 


condition, it seems possible and probable. that the loaded or unloaded state in 


- combination with the dry or wet condition m may have a distinctive influence 


upon such internal phenomena ag re- -erystallization. | Attempts have been made 


to supplement the available information duplicate tests under con 


tensile loading in both air and water. The tensile flow tests have not 
satisfactory o: on account of the low range of strain that i is in 


iti is to be noted that, with moduli of elasticity nearly equal i in tension and com- 


"pression and ultimate tensile strength” about one- tenth ultimate 


strength, the tensile deformation, available is only about one-tenth 


Bending of beams under continuous loading was easier to handle and gave 
esults that were in all respects similar to those obtained in compression. 
eams represent ; a mixed condition with both tension and compression presen y 


the results are, therefore, more difficult to interpret. fer rw woe 


‘i If the flow and shrinkage or swelling are interrelated and interdependent, © 
- the fact will have an important bearing upon the stresses due to flow. This is ; - 
true in bending and where temperature alternates the stresses. It 


also has a bearing on the question of recovery.  asob wall, 


as an extension 1 of the Bach- Schile. formula the. initial 


mation given by the first term. 
The Bach- Schiile formul 
-diagram for high stresses, but it is well ‘known: that it is "valid for. low: 


stresses. For example, with | 6 approximating zero, the exponential formula 


gives mdduli of elasticity, E, approaching infinitely large values if m is weenie 


tiem re. See the experiments made by R. E. Davis, M. Am. Soc. C. E., Report on Arch stead 
Investigation, Proceedings, Am. Soc. C. E., May, 1928, Pt. 3, p. 211. SRA 

Sp + Proceedings, Am. Soc. for Testing Materials, Vol. 29, Pt. II, 1929, p. 706. tw 5. 


Am. Soc. E., January, Papers and Discussions, pp. 59, 70. 


aris The author has based his deductions on a formula for the total defor- i, < ; 
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than unity, : as it is for concrete.* This result is not in agreement with expe- Howe 
_ rience and greatly limits the formula i in its s application. m. Similar Ii limitations. 4 mode 


are | probably applicable | to the second term. It is more important ‘that the 
@xponential term, , #4, with | q q positive, shall give an ever-increasing flow which 


‘the formula, would deflect: until it was flattened to of 


this does not and the law must the forma 


2ST tende 

months, but this does not justify ‘the of the for a period wher 
more than nine years, was done in Fig. Nor has the author limited with 

his analysis to nine years ; he has extended it until the time interval becomes a Bach 

7 ‘infinite as regards the point of contraflexure for the beam with which he deals. neeri 


In other words, he has extended it until the deflection, according to his for- : 
The author’s “Second Conclusion § states: 
> 3 Se there i is an external diatarbance Sa” , such as the settlement of a 4 
sia soa the plastic flow causes a gradual redistribution of stresses such aol 


oe a the structure approaches (but never reaches) its original state of equilibrium 


This conclu sion results from assuming a flow which will the 


of elasticity to approach zero as time goes on. With a secant modulus, © 


4 


and, with q positive, approaches zero as as t becomes infinitely great. Thus, 
the deformation due toa given load increases indefinitely with time, and the bg 
effect of initial external disturbances becomes smaller and 


smaller in compari- com 
son with the i e increasing s' strains from the regular or primary loading. 4 Finally, 7 pres 


become relatively so small that their ‘influence 1 ce may considered to be 


i, Conclusion 2 can only be reached on the basis of the assumed forimele mite 
flow. if the flow does not actually increase indefinitely, but if instead it 
a E remain a finite value, and the result will 


nto 


on the stresses will be reduced to one-third of what it was at first, but not to 


nero since the deformation due to the settlement can be eliminated by one- third 


of the initial force. Compared with this major result the influence of sma 


deviations from the straight stress-strain diagram becomes unimportant. 


a stated by the author,§ the temperature changes and shrinkage a are among < 


those external disturbances the influence of which is reduced by ‘the flow. 


for instance, the German “Hiitte,” Vol. I, Twenty-fifth Edition, 
Proceedings, Am. Soc. C. E , January, Pa ers and Discussions, na! 


113. 
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"However, this is only true for slow temperature changes and not for thpia or 7 


ions _moderately rapid changes. course, annual fluctuations cannot receive the 


4 benefit of the flow during more than a a few months since > their action is reversed. _ 
hich That the flow does decrease with time is shown quite conclusively by” the 


as 


a 
Bach- Schiile formula. In ‘Table 28+ of the report of the Committee of Engi- v2 


neering Foundation « on . Arch Dam Investigation, Column (10) gives 23 the ratio 
of flow to initial elastic deformation. . Within each group the ratio is, —— 


ally speaking, lower for high stresses than for low ones ai and the original curv ing 


of the stress- strain ‘diagram (decreasing E with increasing stress) is counter- 


acted to some extent by the flow. The effect of flow is to reduce to a smaller, — 


but more constant, value of E.* Experiments made by the writers Support 


7 these findings. if they are correct, the ‘conception of stresses and changes -— 


Bb som to flow and the “effect of flow on the stresses can be stated rather 


simply: If the flow gives a total deformation approximately proportional to 


the stress and greater than t the initial deformation ‘(that i is, if E is lowered 
by 1 the flow and the stress-strain diagram is straightened out), then: un Tt ee 
= (a) ‘The errors in the usual computations caused: by the fact that the stress- 
strain diagram is ‘not straight, as usually assumed, are reduced by the flow. 
‘Particularly in compression, ‘such as in arched bridges, the original « error is 
4 


0 mparatively small since the stress-strain diagram is fairly straight for com- - 
vr ressive working stresses, and the error is on the ‘side of safety. 
gi (b) Stresses « due to ‘slow temperature changes and shrinkage are reduced 


due to the flow. ‘They c can be computed approximately by assuming a onal 


value of the modulus of elasticity, but this modulus must include the initial 


deformation ‘and the flow due to temperature forces; ‘Z that i is, it is lower than a 


the modulus for short- time tests. The same applies to stresses due ‘to slow fect 

settlement of supports. The stresses due to load only are not dependent upon > — 


the modulu of elasticit; if the stress- ‘strain dia ram is stral ht. 


ak With to 10 Conclusion it should be n ‘mentioned that the straightening 


eae 8 notation and this will produce, as as he has. stated, ar an effect just opposite a 
to that which he has found, This will also make the 


= 


y AS the discussion must imply, the writers consider the seni to be mislead- 


Proceedings, Am. Soe. for Testing Materials, Vol. 29, 929, pp. 695-699. 
Proceedings, Am. Soc. C. E., May, 1928, Pt. 3, 218, 
it., January, 1930, Papers and Dp. 
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on PLASTIC IN CONCRETE Papers, 


“there i is no question but that it would be a coptribution t to the subject. ‘Already, 
- much additional information has been contributed* toward ‘the fuller and better 


that should be the basis for ‘such an undertaking, 


Dr. Ina. E. Prosstt (by letter). t- ‘The very interesting theoretical investi- 
gations by Mr. Straub have as their ] purpose the development of a method of ‘4 
_ computing stresses in concrete arches which conform to the actual conditions — 
more closely than those assumed i in | applying the usual € elastic theory based on 
It has long been recognized that concrete does not possess a linear relation | 
between longitudinal deformation and stress. F urthermore, it has been known 
that, for concrete, plastic deformation occurs which is a function of both stress. 
and time. Mr. Straub evaluates these relations from | experimental | data com- 


various. experimenters ‘and exp expresses the elastic deformation by. the 
exponential formula, » Equation (9). Age expresses. the plastic deformation as 


=, 


anh The exponents m, o): and q, in these equations, are ¢ dependent upon Pe age as 
= as other "properties of the concrete.. Mr. Straub “recognizes that, in 


assuming these values, considerable uncertainty exists, but believes that 
a result of systematic investigations it would be possible to pre- e-determine these 


Particular care must be exercised in evaluating experimental 1 results because 
frequently the investigations. do not account for all influencing factors satis. 


_factorily, and subsequent computed elimination of ‘such fi factors as change i 
— length due to shrinkage or temperature variation, may lead to deceptive con- 


clusions regarding th the > magnitude of longitudinal deformation. 


Experience has proved that it is practically impossible to fabricate in the 


field concrete. which has uniform properties. _ Nevertheless, the static ‘computa- : 


tion for the structure must be completed before erection begins because the 
dimensions of the structural members are dependent on such computations, 


are not common with those actually oc Gosbiving: in pa ‘completed structures ewig i] 


though | careful application is made of ‘the laws which Telate, respectivel) 


ih 


deformation ‘tos stress and to time. In addition, there i is 4 


“concrete in tension as in compression, although it is recognized that this is 


“not true i in “fact. The actual relation between the external and: internal forces 


-* See, for example, Proceedings, Am. Soc. for Testing Materials, Vol. 29, Pt. II, 1929, 4 

+ Prof., Technische Hochschule, Karlsruhe, ene 


4 Received by the Secretary, April 25, 1930. 
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Se 


in order to obtain an actual conception of the stresses. 
‘Under normal circumstances the method of computation based r 

usual theory c of elasticity y will suffice, ¢ although it will give o1 only approximate | 
values” because of the approximate relations assumed, such as Hooke’s law law, 
law ‘of superimposition, Maxwell’s reciprocal theorem, and others. 

In his" “Conclusion”, * the author correctly points out that the 
‘ assumption made with regard to statically indeterminate structures, namely, 

« that as a result of ‘ ‘plastic flow” a displacement of moments takes place tending 

relieve overstressed regions, incorrect. 


dition i ina manner resulting i in relief of the overstressed parts of the streture, 


serve to a more e thorough | conception of ‘the ‘em 
of concrete structures. hey supply a valuable supplement 


‘to the theory of arches. 


Soc. C. E., January, 1930, Papers an 
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= d (118). It is thereby 
al possible to compare the deviation of computed stresses by the proposed method x 7 
with those | by the customary method of computation. 

~~ The application of the elastic and plastic theory proposed by Mr. Straub — 7 
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This’ Society is not responsible for any ‘statement o} or ‘opi in 


‘LAMIN ATE ARCH Dz AMS WITH FORKED ABUTMENTS 


iscussion 


By Freprik Voat, Assoc. M. Am. Soc. 0. Sara 


ted F 'REDRIK Vv ‘oat,+ Assoc. M. Am . Soc. (by letter). 4—This interesting 


- paper describes three different. features in the design of arch dams, viz., the “ 
forked abutments, the type of “constant-angle arch dam,” the 


The construction of numerous dams, for instance, Salmon Oreck Dam 


designed by L. R. Jorgensen, M. Am. Soe. Kerkhoff Dam designed 


B. F. Jakobsen, M. Am. Soe. C. E., the Gibson and Deadwood Dams designed _ 
by the U. S. Bureau of Reclamation, has proved that single- “span arch dams can 


be used where 1 the sites are about: as favorable or less favorable t than those 
wn in Figs. and TIL and without using high gravity wings. ‘When ‘the 
arches can be founded. directly the rock without high rings on Duttresses, 
this solution seems to offer many advantages. In some cases, however, 
topography of the site may invite the use of forked 2 abutments. : 
Mountain Dam, of the Salt River Water Users’ ‘Association, is an. example 


for rked and gravity wings. In the analysis of : such dams it should 


not be forgotten that the tangential compression of the buttress will increase 


be There i is no doubt that the thrust i in the arches i is inclined at the abutments 


as assumed by the author, particularly : in sites that require a large ratio of | 7 
to height. v writer has previously discussed this matter, and the 


theoretical analysis "given at that later checked by model tests. 
— Owing to this inclination low buttresses, one-eighth to one-fifth . of the eS 


span of the arch and thus will increase the rib-shortening pull and the 


| 


* Discussion of the paper by Fred A. Noetzli, M. Am. . Soe. C. E., atinued ffom May, 
Received by the Secretary, March 21, 1930. 
Proceedings, Am. Soc. C. Papers and Discussions, Pp. 
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of the \¢ dam, will not receive much load if used at sites as shown i in Fig 


= It is a a question whether gr: avity wings should not be limited to ‘such 
heights, w vhere For instance, in the case of 1s 1 shown i in 


ments could on the for 7 to 809, of total 


of the dam instead of only 53% as noted in the design, thus reducing the 


considerably. Such a change w ill give a smaller rib- shortening pull and 


= 


A 
smaller stresses in the. arch elements; it will give practically the same stiffness dar 


against deflection® and also practically the same cantilever stresses. s. In o other 


_ words, the efficiency of the a arch elements will be i improve od i in some 1e respects and, Sta 
in others, will be virtually unchanged. al a HYD 
_ However, this possibility o of i increasing the span of the arch and thus reduc- . 
ing the wings without increasing the radius is due to the fact that rather acti 
: small perenne angles of, about 90° , have been used at the crest for both Dans § eyli 


As shown by Mr.  Jorgensen,+ it is preferable to use central angles of al bout 


assuming that the cylinder formula is vé alid. if analyzed by” the now is 


accepted elastic theory, ‘including also temperature changes, central the 
4 angles of 150 to 160° are found to give the minimum of concrete, and, there- | Teal 


fore, should be preferred where it is possible to obtain good with tha 


Mee the designs of Dams Nos. 1 ‘and 2 the central angles applied at the base 7 os 
a the buttresses are about 130° ‘and respectively ; that is, they are about Spi 
not 


as suggested by Mr. Jorgensen. + Higher up the span 1 of the arch is unchanged, 


in yi and it is difficult, therefore, to find any ‘reason for the increase of the radius 7 
- oof the arches and the accompanying reduction to 90° at the crest in the central for 
angles. The latter only : reduces the efficiency of the arch elements. The writer ous 


fe 
=i has emphasizedt the fact that this use of a variable radius i is in ‘disagreement 
ie with the constant-angle arch principle a and is a disadvantage. If the intention ; 
is merely to obtain overhanging arches, this result could easily be secured by 


"the use of « a constant radius and a constant angle for the height of the but- 


tresses. For both designs the direction of the buttressge permit central angles 


‘The first “constant- angle dams” were constructed without appreciable 
~ over- -hang, but where larger angles can be obtained by this means, ‘an over: 


yer 


- _ hang seems to be well justified. Previous to the Railroad Canyon Dam referred 
the author,§ such overhanging dams have been | constru 
(Chiusella Dam, 158 ft. high, completed in and i in Mexico (C alles 


a Dam, 208 ft. high, completed in 1 19284). if such over- hang is not to result 


- * That is, practically the same coefficient, A, in the deflection formula as shown in Trans 
actions, Am. Soc. C. E., Vol. 90 (1927), p. 564, and Fig. 46, p. 565. aii le gsolaanmitl = | 


+ “The Constant- Angle Arch Dam,” by Lars R. Jorgensen, M. Am. Soc. C. E., Trans- 
actions, Am. Soc. C. E., Vol. LXXVIII (1915), p. 685. eagteVi + 


§ Proceedings, Am. Soc. C. E., February, 1930, Papers and Discussions, p. 288. ont _ 

|| Transactions, First World Power Conference, Lond., 1924, Vol. I 7 

Pransactions, Am. Soc. C. E., Vol. 93 (1929), p. 1310. 
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. oe The Dordogne River Dam, in France, referred to by the author in Fig. 
in Fig. 
_ typifies the spirit 0 of many French engineers. The > stresses in the 
‘River Dam are as much as 800 lb. per sq. in., due to water load only, towhich 


| -must be added the stresses due to the and temperature changes. In 
1e1lgn 


— | _ this connection reference should be made also to the Selune and Belle = 


ing the en Terre Dams, in France. In all the modern arch dams in France} the 
pull and thickness of the arches is reduced to the limit—for the two last- mentioned 
stiffness to 7 and in. at 50 and 54 ft. head of water— —by using very short 
om other (about 16 ft.) between the buttresses. _ The experience with dams in the United | 
and, States, and in Scandinavia, seems, to show that this | serimping in 

s reduc- f In any case, the system applied in the Dordogne River Dam is clear in its : 
rather and the stresses can never be very much gi greater than the 
h Dams  cylinder- stresses. However, the safety of such dams is controlled either by 
automatic valves, or by hand operations of the’ dam keeper. If the basins 
about between the not filled as water in the main reservoir is rising ‘(for 
he now ff instance, because the valve o openings are clogged by ice), or if, for any reason 
central they « are emptied before the r main reservoir is emptied ‘(for ‘example, bya great 
% there: leakage or a bursted valve or or pipe), the maximum stresses can become more 
ts’ with | _ than 4 000 Ib. per sq. in, and the dam is in danger of collapsing. ‘Furthermore, 
ig dla “if the reservoir is emptied | and the basins are ‘not, the dam will fail. The 
hess writer has seen an earth dam which failed because it w dependent on a 
‘about spillway with | an automatic: lly moving gate, and because the dam keeper did 
hanged, not maintain that gate in good working order during the cold season. — After 
| pailius observing such field | practices, he i is suspicious of - types of dams which ‘depend 
central for safety o1 on factors that 1 may not be proof aginst erroneous s operation. Dams = 
writer fe Ought to be constructed with higher safety factors than most other structures. 

‘eement 4 The site of the Dordogne River Dam would be excellent for ¢ a single- “span 
‘téin tion “arch dam, with a span at the crest only 1. 8 to 1. .9 times the height, which is less 
ured by for two-thirds that of of American dams higher than 100 The 
he but- - struction cost of a structure of the accepted type seattered over a wide area and 
angles with greatly increased excavation and form v work, will probably be considerably 
more. than for a single ‘span arch dam, even if the latter should demand ‘more 


reciable concrete when designed for the same stresses. 


rer- ‘<1 Compared with tl the French dam, the lamination suggested by the author 
the advantage that ‘the action is independent of automatic devices. On the 


-eferred 
n Italy fj other hand the : static action is not so clear. The author states: i el 

(Calles an horizontal arch with two arch laminae ata depth of q 
) result fm 200 ft. below the crest of a dam. The w rater pressure at this vos “a 


—— 62.5 200 = 12.500 lb. per sq. ft. The up- -stream lamina is assumed to carry 
in Trans: a one-half this pressure, the other half (6250 Ib. per sq. ft.) being transmitted — Po 
| across the joint to the down- stream lamina. Assuming a coefficient of friction _ 


in the asphalted joint of 0.5, the frictional resistance in the joint, therefore, 


— 
q Proceedings, Am. Soc. E., , February, 1930,. ‘Papers and Discussions, . 285, et 


‘Soc. C. B. February, 1930, Papers and Discussions, p. (280. 
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voor ON LAMINATED ARCH DAMS apers. 

would be 0.5 << 6250 = 3125 lb. per sq. ft. (22 Ib. per sq. in.). “This is rather 
small as compared to the difference in stress in the concrete on opposite sides 
of the joint, which may be as much as 200 to 300 Ib. per sq. in. It is evident, 
ial therefore, that the friction in the asphalted joint between the arch laminae is 
9 not likely to restrain them sufficiently to alter the | stresses materially from 


It should be remembered that the frictional forces involved must. be added 


_ the crown section to the abutment, and that, therefore, the total fric- 
: hea force on each half of the arch will be 50% of the water load on the same 
‘half transmitted to the lower lamina if the coefficient of friction is 0.5. If f fric- 
“tional forces 0.5 times the water load are acting in the joint between the two i 
laminae i in the arch ch shown i in Fig. 8* for which the stresses are given in Table 
2 + the writer has s computed additional stresses at some places as great as 680 
. Ib. per sq. in. for that arch according to the elastic theory. This added to the 
. _stroses given in Table 2 would increase the: maximum total ‘stresses by 110%, 
which is far beyond all reasonable limits. OH, 
_ However, the actual result will not be so bad since the friction will 
_Tedistribute the division of the water load on the two laminae, and the 
laminated arch therefore will not be stressed more than the assumed homo- 
"geneous solid arch, but will act ¢ about the same. pes rand, 
Tn - Another and better v way to ge get : an estimate of the importance of the friction 
in the joints is to investigate the stresses at the assumed joints as they would 
- if the arch element. was made solid. If the shear stresses in the solid arch, 
acting along the surface where the joint would be, are smaller than the radial 
compression acting normal to the same surface, multiplied by the coefficient of 
> _ sliding can be expected, and the laminated arch will act as a solid 


arch. Mr. J akobsen has analyzed such stresses in thick arches. With the 


} F Pd simplifications ¥ which can be used for slender arches | the writer has computed 
- these stresses for the arch element shown in Fig. 8, and finds at the surface 
the ‘suggested stresses to water ‘load, as follows bot 


Radial Stresses Normal to the Surface: ai _ od 


at the abutment section, od An 


6, = 0.0583 6, 3.0 diet hotledqen 


Am. Soc. C. E., February, 1938; Papers and Discussions, 


, Vol. 90 (1927), p. 503; see, particularly, Fig. 17, P- 
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with a coefficient, f = —, the friction will prevent all movements and make 


‘act as a solid one. ‘ The limit of the coefficient of friction is in this | 
= found to be 0.00 at the crown section, = 0.545 at the abutment F 


and a an average for the total length of — 0.497. 


If the actual coefficient of friction is ‘greater than these limits , the arch 
will act as if it were solid. If it is smaller some sliding will be started. How- — eae 
ever, a sliding will reduce the shear stresses considerably without changing 
the radial stresses very much. The sliding therefore will stop as goon as the | 

_ shear stresses are reduced to equivalence with the frictional forces. In Table 2 

the author has found that for this particular arch the lamination creates a 

19% reduction in stresses if there is no friction. With a coefficient of friction | 


of 0.5, used by the author, the actual stress reduction is obviously zero, | or 


Se 


- nearly so. If a coefficient of friction equal to 0.2 could be obtained, a stress 
- reduction of about 10% could probably be er on, since the average 


‘the percentage reduction i is 5 greeter for ( thick arches than for thinner o or for 
laminated ones.* ‘This correction is not included i in Table 2, which, 


Asphalt can be obtained in a number of grades by admixing with oil; all 
cold. Fig. 12 shows how asphalt, used as a s seal. in a water-stop 


pre was: placed too close to the face of the dam, and the pressure from the 
mi 
was informed that this happened because of the summer heat ‘not by 
"reason of artificial heating. The pressure was developed too fast to be 
by slow leakages. . This does not mean that the same sophalt, could not run 
“had flowed 40 ft. from age ani -stream face, through 2 a contraction joint with an 
a 0.038-i -in. opening at the down- stream face. For a part of the way it may have — z 
the grouting pipes, but the openings to and from these pi es 
gonna not wider than the opening of. the joint, . and at the down- stream 
the was coming out of the joint and not 


- . E., Vol. 90 rOgaty, p. 554, particularly Tables 11 and 12. Later, the basic ry 
‘is checked by the Stevenson Creek Test Dam results, see Proceedings, Am. ‘Soc. 


i-liquid asphalt broke the corner between the seal and the face. it The: all -° ie 


0. 90°, limit is 1.0 at the sbutment and 0.6 if 


of a a dam, has been acting as a liquid. art The square opening . for the asphalt — a 
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-semi- liquid asphalt, which would then a pressure in in the: joint 
. _ ing to the head of asphalt at all times. . The unit weight of asphalt is about 
‘the | same as water, this, pressure will be, even with rather slow- flowing 
plastic asphalt, ‘about the same as water pressure for the same head. All open 
drains would then obviously | have to be omitted. ) However, the head of liquid — 
in the joint would have to. be controlled, since otherwise the upper lamina 


would be “exposed to an immense pressure in the up- -stream direction for 


empty reservoir, and, if this pressure does not open up leakages so that it can 
be released, the upper | lamina would probably be damaged. Eventually it 
would collapse because it can “only stand 61 small | forces in the up-s “stream direc- 
tion. Consider Fig. 12 which shows a similar bursting on as small seales the 
_ upper lamina in the dam would be exposed to a similar p pressure all over the 
area of the joint instead of the pressure on a 5-in. ‘strip at the asphalt- -seal 
Furthermore, than complete emptying of the ‘Teservoir a semi- 
liquid asphalt i in the joint ‘could do harm by wedging the two laminae apart, 7 
thus giving room for seepage water to accumulate in the ‘upper part of the — 
joint. In case of freezing, this will keep 1 the opening: at the of ‘the lower 
lamina permanent and will act a 
water later is raised. » h this way great extra forces can ot tnttodaed be 
a because the laminae are wedged apart and, therefore, cannot divide the load 
4 vr in the right w ay, and because a a freezing action will make the laminae a 


) _ Besides, i in the ideal case, the use of a semi- eas asphalt Ww vould divide the 


in Fig. for instance, this would require Givision ‘of the thickness in 
20.4 + 6.1 = = 25.5 ft., instead of 12. 75 + 12.75 = -_ = 25.5 ft. i] For that arch 
element this would again eliminate practically all the gain from the lamination 

since the thicker lamina is ‘almost as thick as the ‘solid arch. ot 
F ne ‘The author does not seem to plan on the use of any liquid « or semi- liquid 
a acphalt, and this discussion i is 3 only inserted t to o show that, if one tries to obtain 


trolled filling with water as was done with the Dordogne River Dam 
question then whether coefficients of friction less than fee 


“instance, as assumed by the author, can be ‘obtained | for the asphalted joint 


almost as hard as stone in winter. With surfaces made amosili’ by 
using steel forms, coefficients of about 0.5, and perhaps as high as 0.7, are 
robable. The lamination will then be: of little. or no use for equalizing the 
arch stresses. With coefficients as low as 0.1 to 0.2, the lamination will be of 
use even if it will not reduce the stresses as much as the author has 

assumed, unless the coefficient of friction is zero. oft 
The author computed the relative movements at the joint, using 


According to tests 
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~ by Raymond | E Davia" * M. Am. Soe. C. E., it does not seem 


than 1 500 000 Ib. . per sq. in. in case of Tong time loadings, “whieh 
double e relative ‘movement s. pe 1e friction is zero, the ver ical sliding a 
double the relati t If the frictic the tical slidi 
places” will usually be times as great as the hoti iz0 ontal sliding. 
_ Friction against this will reduce the effect of the lamination on the cantilever 
stresses § in the same manner as it reduces the effect on the arch stresses. gf ae 
The lamination of, the arch will make this less “homogeneous than before. 
~The asphalted joint will act as a water-stop in the wrens of the dam, ‘the 
effect of which willl ‘extend ‘all ov over the structure and, in all probability, 
vil keep the upper lamina wet from seepage water and the lower lamina dry, 


- since | the seepage water is stopped at the joint and drained off there. This at 


* first will produce a considerable shrinkage in the lower lamina and little o or 
, no shrinkage in the upper | lamina. Secondly, it will gave a ‘ “sustained modulus i, 
of elasticity” for continuous load « on the dry lower : lamina, | which is only about 
one-half that for the wet upper lamina.+ The difference in modulus of elas- 


ticity in the ratio of 1 2 will ¢ change the division of load from 50 rs 50% to 
- + 67%, and thus will give additional stresses of 33% for the ur upper lamina. 


The difference: in shrinkage will exaggerate this condition a 
difference of 0.02%, for instance, will introduce another 150 Ib. per sq. in, 


equal to 25% additional stress if based on 600 lb. per sq. in. 


+ 
is that there will be some effects of this k kind also in solid arches, 


but without any doubt the use of a water- tight - membrane in the middle of | . 


the dam, dividing this into an upper ~ and a lower dry part, will i increase the _ 


‘homogeneity, and ‘thus will increase ‘such additional | tresses 


capillarity and water pressure; only att the down- stream face will the con-— 
be: ‘If there i is no friction in the joints, the cantilever elements would become 

| somparatively ineffectual, as stated by the author, and the cantilever stresses 


would be reduced. However, ; it should be remembered that this is not always 


desirable. ‘For instance, for the Gibson Dam,t the arch ‘stresses would no 
F doubt be much too high if the cantilever action was made ineffectual, and this e 


a) With a coefficient. of friction of 


_ friction will eliminate t the benefit of the lamination | either entirely or to ae 


_by using liquid or semi-liquid asphalt 


grades, if a liquid is used in ‘the e joints, « even if it is rather viscous, the 


filling must be -eontrolled, 
between the arches would prove ‘to be a 


— 
Proceedings, Am. Soc. C. E., May, 1928, Pt. 3, p. (213; and Am, | Soc 

testing Materials, 1929, Pt. II, p. 678, 
= eee -_ {See tests by Professor Davis, Proceedings, Am. Soc. C. E., May, 1928, Pt. p. 


and particularly Transactions, Am. Soc. for Testing Materials, 1929, Ft. Ti, Pig. 19. a 


__ Constructed by U. S. Bureau of Reclamation, Div. of Load, gee Transactions, 


&§ 
wy 
‘ 
— 
= 
_ 
| 
— 
— = 
2. 


VOGT ON LAMINATED ARCH DAMS [Papers. 
The asphalted joint will make the coner 
yur 
as. 
4) The writer believes that, in most cases, it is desirable either to aan i 
a gravity v wings and buttresses or to reduce their height by using a longer span een 
for the arch than i is shown in Figs. 5 and ‘7. The most favorable height of Sa 


"gravity wings can only be found of course by comparative designs. a ae 
1 & The use of over-hang of the crown cantilever is believed to be a great 


advantage where the constant-angle_ arch principle can be better accomplished 
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BALDWIN FILTRATION PLANT, CLEVELAN D, OHIO 


By S. M. Vaw Loan, Harry N. Jeyxs. ett 


M. ‘Van Loan M. An. Soc. C C. (by letter). ¢—This paper has: been 
Ww in a most interesting manner and the of the plant, together 


- with the tabulated costs, is of high value to all construction | engineers. arc i 


Best he writer has been impressed by ‘the. structural beauty, of the « exterior and a 
~ interior of the Baldwin Filtration Plant. During | a visit in 1926, his interest do 
centered upon the influent to the coagulating basins. At the time, the hydraulic- 

mixing flume was under operation. It would be interesting: to know whether 


this installation has given the results which were hoped for and which were 


Sete and if it bears out in actual operation the expectations that were fore- 


Ih une, 1926, ‘the ter beds w were operating under a burden of organic = 


and numerous cyclops were ‘noticed o on the where water was 


_ below the ‘surface. Has much trouble been experienced i in the ‘operation of - 
ay the beds due to the organic growth i in the applied water? ‘Have taste- producing — 


a 
[a _ substances. been injected into the lake water so as to contribute either a taste * 


or an odor t to the influent of the Filtration Plant, and, if 80, what t chemical - 
7 applications have been made for their reduction or elimination? Information 7 


has reached the writer indirectly | that experiments ‘with ammonia have 
made i in Cleveland, and it would be of interest to know how far this research — 
work has and what assumptions have been noted. 


baie reply. to these operating questions will be of great, value to the fie 

lant operator regardless of the type of on which he may be engaged. 


___* This discussion (of the paper by J. W. Ellms, G. W. Hamlin, A. G. Levy, and J. E. — 
bs Linders, Members, Am. Soc. C. E., published in February, 1930, Proceedings, but not pre- 
cs sented at any meeting of the Society), is printed in Proceedings in order that the views My 


wea expressed may be brought before all members for further discussion. F 
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JENKS ON BALDWIN FIL TRATION PLANT, CLEVELAND | CPapers, 
_ wealth of technical data and interpretative 


nished. In discussing a paper of such scope, one is ‘to 
limit one’ s self to a consideration of certain specific topics, because only 


— those intimately acquainted with the design conditions and requirements ad 


a position adequately evaluate the merits of the conception | of the 


- Following the order of presentation found in the paper, it is significant 


to note prominence given the hydraulic data and the influence that 


hydraulic values have on the the satisfactory operation of the plant itself. 
In ‘particular, the proper ‘control of velocities of flow throughout the 
considered of great importance to ‘the success: of each stage of the p process. 
One of the most important elements in successful coagulation is the pro- 
of adequate. mixing velocities, and the subsequent the 
“foe, so essential to ‘satisfactory sedimentation.* A distinguishing feature 
of the mixing stage in the Baldwin ‘Filtration ‘Plant. is the hydraulic-j -Jump— 
flume installation. The value of this initial rapid mixing is rightly becoming 


more generally recognized. _ The writer has obtained excellent results 


coagulation by passing the water through an aeration a small 
dose of alum to produce a pin- point “floe. Thorough coagulation ensued 


= 
“rapidly thereafter when the remainder of the total dose of alum was added. 
‘Under these circumstances, also, the aerators. served the useful purpose of 


dissipating the quota of carbon dioxide ‘resulting from the application of the 


Fi From Table It it is noted that the observed loss of head through the 


pe. - flume is 2. 40 ft. - This is in favorable comparison with that encountered i in 

baffled basins or channels for an equal degree of mixing. From the basic 


:- data submitted, it is seen that the velocity of the water in ‘the flume is 12.5 ; 
. ft. per sec. The initial mixing period is, therefore, at most only a matter of 


a few seconds. The question one might raise is whether full returns: for the 


loss of head of 2.40 ft. are obtained under th this s time | limitation. - seems that 

a more commensurate initial jarring of ‘the water might be obtained through 


mechanical mixing. The flume, however, is a very compact device and one 


that requires no operating attention. Would it not also be ‘possible to con-— 
struct ‘it ) as to. make it a means of measuring the flow, in the manner of — 


he use of mechanical mixing pO is deservedly gaining favor among 


= designing engineers and operators of water treatment plants. It is generally 
desirable to provide for decreasing mixing velocities, which may be obtained 
through the use of stirring mechanisms operated at corresponding variable 


= speeds. In one of his installations the writer introduced an original ‘eis | 


which he has. termed “spirovortex” mixing , wherein a controllable 


a velocity is maintained i in the coagulation tanks by means of the recirculation 


ofa part of the flow by pumping. | Results of experiments indicate the desira- 
1 _ bility i in some cases of : providing for chemical agitation as distingu ished from 
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to which the “stream-flow” method of a. 


rifled surface is particularly ‘well adapted. This involves a series 


ned to 


its are _ Intermediate between the well- coagulation 2 and the 
of the iz ‘comi+ -quiescence of sedimentation, a period of very gentle stirring or “stream- 
er | ing” should be interposed to ‘produce. agglomeration of the floc. _ This takes 
ificant _ place at velocities ranging, for typical waters, from 0.1 to 0. 15 ft. i. per sec. 
> that . The tank or channel capacity 1 required for this period is more than offset by 
itself. the resulting possible | decrease i in the size of the sedimentation basing = 
‘plant: —CdR is significant to n note the authors’ care in n providing for sufficiently low 
rocess. velocities i in the coagulated water channels to “prevent the destruction of the 


e peo floc. Itis nie that an endeavor should be made to keep the velocities within — 


of the range. of to 2.0 ft. ‘per sec. The writer is inclined to the belief, 


eature ever, that it is not so much the specific velocity as the character of the flow 
-jump itecl?, which i is the governing factor. . It seems that the floc may be unharmed 


oming even if considerably higher velocities are ‘present, provided - the flow is smooth 


Its in and free f from excessive eddies. Abrupt changes in direction, causing | impact, 

small — "represent the most unfavorable conditions. & Furthermore, the entrainment of 

air, or the agitation of the water by | air, is conducive to the destruction 
4 

added. : he large flocs, and their solution | into a ‘colloidal ‘state. general, 

se of channels and gate openings which have good hydraulic conditions involving 


| 


of the a low hydraulic losses are favorable to tl the preservation of the floc, especially if 
‘a the hydraulic radius of the channel is large, thus inducing a relatively ‘small 


h he. amount 0 of “drag” on the side walls in comparison with the volume of flow. 

‘ed in 4 o “ From Table 1 one may note the close agreement between the computed and 

basic - observed loss of head through the pre- -treatment portion of the Baldwin Filtra- 

3125 Ff tion Plant. Such information should be > of value to designers in making an 

ter of Bp allowance for ‘such loss. In this connection Fig. 19 will be of 

or the interest, - This is a balanced curve and is drawn through the plotted points 

that observed losses of head. The nominal | design of capacity of the plant to 

rough ow thich this curve vrefers, was 82 000 000 gal. per day, a a rate at which 

1 one te tal loss of head - is seen to be 1. 8 ft. % increasing to 5.0 ft. at ‘the designed 7 

ff maximum flow of 48000000 gal. per day. 

er of During recent years it has become apparent to sewage works ‘engineers 

el that optimum conditions for sedimentation are more dependent on basin area a a 

mong than on crude detention period. Advantage is now being taken of the 

erally q important influence of the area factor in the design of relatively qubial, : 


shallow | basins for water filtration plants, the basins being provided with con- 


able ‘ tinuous sludge removal. Current ‘investigations by the writer indicate that _ 
ation authors’ data’ shaw that the fol llow wing into 
osira- he design of the Cleveland coagulation basins: 

from Total net settling ‘ates (inside of basins), feet. 300" 
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on of 165 000 000° gal. | per day, or 114 500 ‘gal. per min. » the 
area allowed for sedimentation equals 9.47 sq. ft. per gal. per min. ., which is ; 
high enough value for this factor to for the excellent. sedimentation 
: - efficiency found at the Baldwin Plant. Since ‘the volume of flow is 917 000 


Gt, ft per hour, the conditions of operation permit an overflow rate of 3.25 ft. 
hour. ‘This appears to quite conservative for alum floc. 


pie’ 


| 


= 


19. or HEAD THROUGH SACRAMENTO PRE- TREATMENT WORKS, 
BETWEEN CoaGULATION TANK No. 1 AND THE FILTERS. 


4 


15-ft. depth of water is a large factor the provision of the 
storage period. It would appear possible in “many cases to effect a a more 


di through fixing the depth: factor at, say, 8 ft., , and installing 


for continuous sludge ‘removal. It would be of value to learn from 
the authors their opinion as to the relative merits of coagulation | basin design a 
a predica ated on the overflow rate theory rather than the detention Period, 
‘conditions existing” at the. Baldwin Filtration Plant. 


“Iti is interesting to observe that the sedimentation ‘velocity provided by 


des ers: of this plant is 0.04 ‘ft. per sec. rather than a substantially lower — 


ty which is often found in basins constructed along” less economical 


Hines. In general, each water has a critical | velocity of subsidence, below which — 


iti is ‘unnecessary to go. % further consideration relating t to velocities of : sedi- 


mentation basins more attention mn, perhaps, than it has received an among 
writer’s operating experience leads him to the 2. 
general, preference’ should given to a strectical arra 
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‘Fic. 21.—ArRATION LATERAL AND RISER SYSTEM, DESIGNED ON BASIS OF 
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Frc 22. — SACRAMENTO AERATION FIELD IN OPERATION, SHOWING UNIFORMITY OF _— 
a ea Les) OVER ENTIRE AREA, THROUGH FLOATING CONE NOZZLES MOUNTED ON | 
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1980.1 JENKS ON BALDWIN FILTRATION PLANT, CLEVELAN AND 
a tion b basin compartments when operated i in series rather than in pevaiiel . Such 


. a functional feature characterized the. design by Charles Gilman Hyde, M _ Am. 

Soe. OC. for the Sacramento Filtration Plant. The phenomenon of 

agglomeration, which is thus brought into play, is an important factor in 
rapid sedimentation vafter the ‘subsiding velocity for floc is ‘finally 


While discussing the | of sedimentation, it seems appropriate t 
- raise the question as to the soundness of the theory of design ‘implied by the of 


term, “coagulation basin” which has been so generally applied to the structure 


for the settlement of the precipitated matter from. the w water passing 
the basins. It is a matter: of considerable ‘surprise to observe the 


mixing a 


completion of reactions of coagulation. Tn the interests 
_ economical design, as well as economy and flexibility of operation, the ‘stages 


of coagulation and sedimentation should be complete in themselves, and dis- 


tinetly separate from each other. ‘When means are provided for thorough coag- 
ulation (preferably with agglomeration), it will generally be found that the 


‘3 size of the sedimentation basins as such may be reduced toa degree t that will 
_ more than ‘compensate the cost of prolongation of the chemical 1 mixing period. fis 


‘Then with proper inlet and outlet arrangements and with long, narrow 

_ basins, similar to those at the Baldwin Plant, it is possible to obtain excep- 


x tionally high sedimentation efficiency, as measured by the ‘vemoval of suspended _ 
solids and the ratio of the flowing- through period the: detention period. 


& The deposition of sludge along the course of flow As also remarkably uniform. . 


number of interesting points are raised in the author’s description 
design” features pertaining to the filters. capacity of each filter, 


a amounting to a little more than 4 000 000 gal. per day, is i in keeping with - 


modern tendency toward large sized units. The design of the filters in 
; conforms to the best engineering practice, and ‘several features deserve special 


“notice. Among these i is the provision for the adjustment of the height of the a 
wash-water gu utters.* - Much i is yet to be learned regarding t the most ore 


an nd efficient rates of wash, and size and depth: of sand, | as evidenced ae 


4 
a urrent investigations of the ‘Committee of the Sanita 


the elevation | of the gutters thy to meet variable 
- operating requirements, as. well as to take advantage of informa ation that may 


become available i in the future as regards the physical functions of the filter 
‘itself. At Sacramento,  Calif., adjustment is made by bodily raising or lower- 


oe the entire gutter, which 1 may be readily accomplished through manipula-_ 


tion of the hanger- bolts shown in Fig. 20. At Fort Dodge, Iowa, the writer 

provided similar adjustable gutters, primarily with a view to enabling appro-. 
priate modifications to be made whenever a change : from deep wells to the 
‘Des: Moines River as a source of supply should become ‘necessary. Sat ha is 


Proceedings, Am. Soc. C. E., February, 1930, Papers and Discussions, p. 218. 
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(2) the header and pipe system for an aeration field. a: The latter is illustrated 
ix Fig. 21. One of the authors has shown} t that the hydraulic . theory applicable 
: to the design of the filter underdrain system (laterals and perforations) may be — 
successfully in proportioning manifolds and laterals. validity of 
this theory i is well attested by the operation of the Sacramento aerators shown 
Fig. 22. This view shows an aeration field approximately 172 by 40 ft. 


- plan, i In this case the ratio of the combined areas (a) (of | pipes to the area of 


a 
‘the main header (A) is, — — = 0. 41. laterals in. in diameter 


and 40 ft. long while the header channel i is 12.5 » by 4 5 ft. ‘The agg manne areas: 
of the nozzle risers in each lateral are equal to aed tenths the area of f 
lateral. T here are 420 sprays spaced 4 ft. on centers, the discharge from w sual 
is uniform ¢ at all rates (see Fig. 22). bag 


It is s significant of the he use of deeper gravel that the 


furnished. “His own experience the of a large 


portion of the total depth comprise rock ranging in size from 2 to ds in. 


adds - materially to the stability of the ‘upper gravel layers and is a good safe- a 
= guard against the intermingling of the overlying sand with the gravel beneath. 


Re: In connection w ‘ith the filter equipment ‘installed at the Baldwin Plant, ‘the 


_ provision of only two gauges for each filter, namely, the wash-water and loss-of- 


head gauges, is in reality all that is required. From the standpoint of economy 


durability, and attractiveness, one may regard with favor the development | of | 


fil filter operating tables in the form of electrically~< “operated panel boards. _ The 
eee first installation of this type was made under the writer’s direction at Sacra- 

%: mento S$ and more recently it was introduced i in the water- -works design at F ‘ort, | 
Dodge, Towa. 23 shows the original Sacramento panel board. ‘he provi-. 

sion of dlectrical indicating instruments obviates the ‘requirement of a 1 specific. 

i ergo pe of the control panel to fit the location of float tubes and accessories; 
also, all” actuating strings ‘and rods can “be eliminated, particularly on ‘the 

1 Ville. openi ng indicators, ¥ which are readily actuated by reactance coils r espond- 


ing to the movement of the valve —, 


* Proceedings, Am. Soc. C. E., February, 1930, Papers : and Discussions, p. 
+ Journal, Am. Water Works Assoc., Vol. XVIII, December, 1927, p. 664. 


_ Proceedings, Am. Soc. C. E., February, 1930, Papers and Discussions, p. 219. LIARS d 
we § “Electrically-Operated Gages Devised for Filters”, | Engineering News-Record, Vol. 95, aa 
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writer 

been 


] accepting the 


“Hoover on: Ap it 8, 1930, “President stated: 


ewith the development of our ¢ great ‘national tools, our ‘engines, our rail- 


_ ways, our automobiles, our steamships, our electric power and a score of other 
: great implements, together with the supplies of material upon which they 
_ depend, the engineer has added vastly to the problem of government, for gov- 
ernment must see that the control of these tools and these materials are not 
aig to limit liberty and freedom, that they advance and do not retard 


- equality of opportunity amongst ; all our citizens. * * * But when the problems — 

_ which these great tools create come to the door of government, they are at 
once emotional problems, *, greatest difficulty in dealing with these 
problems of government is when the emotion comes first. Facts and the 
— technical knowledge come but slowly or are often lost in a sea of embittered — 


the earliest days and will so continue the end of time. of 


| 


the various methods” of transportation is the best incentive for its consta 


| 


improvement, but such competition must be along fair and just lines, or 


will be “misused to limit liberty and freedom” and “retard equality of oppo 7 


ens.” It was this thought that caused the passage 
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Discussion on the Symposium on Relation Between Rail and Waterway {  - 


of the business, and competing lines be satisfied 


of business, and. they ‘must handle it for a a smaller 


nargin of profit. me would be palpably unjust for the Government to interfere 


of the best. system, § so 0 that others could continue in operation. jane 


from. exercising g his talents for hie 4 own n benefit, in 1 order ‘that another | person» 
a less. fortunate in ability should have | a better chance to acquire the desirable 7 


things i in life; nor, , having possession of these better things, whether acquired 
_ through his own exertion or by inheritance, is it “necessary for an individual 
to relinquish ‘these advantages, f for the benefit of others less energetic or 

-sighted than himself or than those that have ¢ gone before him. 
a daily newspapers of April 26, 1930, reported that the House of Repre- 

_ sentatives had passed the River and Harbor Bill, carrying $15 000 ( 000 <a 


improvement of the Missouri River between Kansas City, Mo., and Sioux City, 


| 

these during the period, to 1950, will be worth that 

Does ‘any one believe that a proposition to spend - that amount of money on 7 

that stretch of ‘Yiver for the purpose of putting it into condition to carry 


‘freight | in competition with the railroads could be put before any group to 


of getting a any favorable con- 


There s seems to be a bolster uy up unprofitable | by 
u sidizing them by the Government, State, or city. From 1 the standpoint of 


momical and efficient management, there ‘is no reason for ‘the existence 
f any institution, outside those ‘classed as charitable, which is not self. 


Upon whether « one views ‘the relation betweets’ rail and Minsiscipyi River 


as exemplified by the 


experiment ‘under name of the Waterways Corpora- 
tion,* isa success or a failure. 


This governmental agency is 


he preparation of financial statements to be used i in support of this argument, 


no consideration is given to certain: expenditures | ‘which would ‘necessarily be 

included by a privately owned enterprise, such as interest on investment, and ; 

taxes. The enterprise - is ‘profitable only to those who are so , fortunately situ- 
ated « as to be able to take advantage « of its arbitrary rate of 80% of ‘the r: rail rate. 

An examination. of the published records ‘of the ‘Corporation shows that : 

(1928 was apparently the best year, when a net income of $327 712 is tedicated. 


1 this year, the Corporation had been ‘required to pay 1 taxes: in the same 4 


ratio as the railroads of their gross its expenses would have 
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, enters into the cost of transportation furnished. ‘Tt is s paid by y the 1 taxpayers” 


. a for this feature would be i in ‘the same ratio as the Maintenance of Way 


ANSI 1469 
been increased $427 272. ati 5% had on the depre-— 

= ciated d value of | its equipment, there would have been an additional charge, to 


expenses, of $785 647, making | a of $1 219 919. i ‘indicates an actual 


The Corporation’s report for 1998 stat ea that Congress had appro- 


priated, up to 1923, nearly $750 000 000 to create navigable streams and canals. 

% Iti is not stated what portion of this could properly be allocated to the channels 

if used by the Corporation.. Interest on this sum at 5% is $37 500 000, a substan- 
tial part of which is properly chargeable to the operation 


asa whole and not by the shippers using the service 


part of the maintenance of the channels used | is charged against the 


Corporation This expense is unknown, but if 1 is assumed that a proper 
Mil 


and Structures for Class railroads: for 1928 (138. 1% of gross 


08. 
off 
called ‘to the Joan of $880 000 to municipalities and the 


that the terminals: of the Corporation. have been in large part furnished b a 
the municipalities ‘served. The Corporation’s- ‘Chairman, before the Appro-- 
priations Committee, mentions fourteen cities that have a total 


ti is evident, therefore, that the actual costs of operating the Corporation 


for 1928 are under-stated to the extent of at least $1 800 000. If the traffic had 
been handled by rail at charges 25% in excess of those of of the Corporation, i 


the i increase in cost would have been $1 677 000, or a net saving to the public A 
— of $128 000, exclusive of interest charges on funds used to provide channels. hy 
public, not the shipper, assumes these omitted costs, and, on a com- 
mercial basis, they must be considered in | ‘determining the ¢ cost of transporta- 


tion furnished. As nothing is included for profit in comparison, ‘the 


“prospect of persu suading a private corporation to undertake the operation is not 


bi __ There has been a growing tendency to put the Government into business, 
i from the operation of railroads to the introduction, in the present a 


Z- of an Act to permit engineers of the Bureau of Public Roads to serve Latin- 


while remaining under full p pay the United States 


. 


a. is parallel with the Government’s 
subsidizing of waterway transportation. 
Government’s experiment in river has a point 
“that changes the problem from one of transportation t to the larger and broader 
“3 
~ one of the Government’ s engaging in business in direct competition with privat e - 


enterprise. the foundation being laid for the Nation to become another 
Russia, with all that the mame implies, or is the United States Government 
to continue dedicated to the protection of “ife, liberty, and of 
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my BRENT ON RAIL AND WATERWAY TRANSP ORTATION f 


a 


paper Mr. Cornish is that. the. entire subject has been viewed by 


ae. Concerning 1g the demands of the country fc for transportation, the general 
rule of calculation has been that traffic demands double every twenty years, 

; = = on the basis « of the present growth of the United States. . This only calls for . 

; & sustained increase of 3.5% annually. i Despite the dislocation and inequality 

of the War period, this rule has been quite well justified i in the 


calculations of a of 870 000 000 000 ton-miles of 
transportation by (1950. will probably be exceeded if the facilities are pro- 


vided in time to ‘permit traffic to expand normally. the demand is not 


2, promptly met, then business turn in upon itself and by 


aig marked sedisdettiation of industry ‘and manufacture permit of such growth by 


‘ a lessening of the volume of transportation between producer and consumer. ] 
The dislocation and — expenditure involved in such redistribution must 


inevitably greater than» that necessary to enable transportation to keep 


The estimated cost of new ‘facilities to these requirements 
“seems ultra- conservative. In its final form the paper calls for the production q 

of about 50 000 additional miles of main track with yards, ‘sidings, equipment, — 
power, ‘and permanent structures necessary to enable this and the existing 
ilroad plant to carry the increased load. "The estimated capital cost: is in 
"excess 0 of $11 000 000 000, or slightly in excess of $220 000 per mile new rail 

The in the 249000 miles of maining 


"railroad i in use to- ori (1930) is 3 $125 000 per mile. traffic 


g miles: of new main track, the then existing plant of 290 000 miles of main line, 


equipped, has: to. support a traffic density of 3000000 ton- miles per n mile. 


this new will not be | an average A ‘cost of 


greatest per mile in the country (10 700 000 ton- miles per 


mile), as cost $586 000 per Making allowance for surplus ‘equipment, 


the actual plant producing these ‘results has cost about $400 000 per vile 
The new construction w will not be where construction is cheap, but where 
it is most expensive, and freight: traffic will have to bear ‘the brunt of it. 3 


Other forms 0 of transportation will increasingly drain away the passenger 


“traffic and that which remains must become more and more expensive, without | 
creating the ability to increase fares or service charges ‘materially. An esti- 


~ mate of $15 000 000 000 is nearer the mark than $11 000 000 000 in the writer’s 


pre The i increase of 10% annually for river traffic for the twenty- five years fol- — 


ar 


lowing 1930 is conservative. The ‘relatively small of traffic on the: 


* Pres., , Redwood Line, Inc., New Orleans, 
Received by the Secretary, May 1, 


sae density is 1 800 000 ton-miles per mile of road. “With the addition of th a 000 ’ | 
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‘ORTATION 


Lower River during 1 the operation of the Federal Line in the 
three years, 1926 to 1929, is due solely to the delay of the Government in pro- i 
viding needed facilities and the relatively meager power of ‘its, incomplete 


joint relations to attract traffic. Both these handicaps have recently been 
remedied and the country is due to see a marked upward trend of ton- 


for 1 ‘the 10-year period. (1980 to 1940). 
ae... is possible to measure the maximum ‘capacity. of a waterway wei ate 


Timing physical features, such as locks ; but who can measure the capacity 
of a well- regulated river, such a as the Lower Mississippi? Three tows | per week — 


ine each direction _ between New Orleans, | La. » and St. Louis, Mo., produced — 
about 1338 000 000 ton-miles of transportation in 1928. Loaded capacity 
both ways, _ these tows” could as readily have produced 3 | 000 000 000 ton-miles. 
- Tows of this size could be dispatched at half- hour intervals =A be less noted — 
the daily parade of lake freighters front of Detroit. Such service 
would produce 300 000 000 000 ton- miles | of transportation t twice the estimate P: ; 


P given by Mr. Cornish | and still the capacity of the river would i in no manner — 
be taxed. The | estimate of the carrying capacity of this river, at least, is a 


cost figures on most inland waterways are still experimental. _Project- 
"I ing present known costs on the Low er Mississippi to” a basis of 2 500 000 000 psa 


ton: -miles, the cost of operation, including depreciation of plant and tert minals, 
3.2 27 mills per ton- -mile. Profitable operation in the. carriage of bulk com- 


modities at 1 mill per ton- mile on the Lower Mississippi River will be reached et 
some years | before the inland waterways are called upon to carry burdens oe as 


comparable w ith the 60 000 000 000 which this study forecasts. x . 
‘The day of cheap railroad ‘transportation is past. Sweeping increases in 


ates are being made in all important | territories to bring railroad revenues | 


to the mark fixed upon as necessary to support and expand the plant. ene ae | 


Shippers ar are only beginning to realize at what low costs good tr ansportation - 


by ater can be performed at a profit. The cleavage between the relative cost 


1 
and the 1 value of the service increases year by year. The very force. of necessity A 
is bringing: the entire rail- water transportation problem rapidly from -the 


academic to the experimental stage. There will alw: ays: be a field for contro- 
versy, but. with: growing an informed public the assertions 


e which to- day require “damnable it iteration” will take the form of truisms. For | 


the time being, however, , it is necessary to go on proving, over and « d over again, 


that vater transportation, is cheap and rail transportation is very expensive. 
“Mr. Cornish ¢ does this i in a masterly way. This proves the in 
anew way and is is 1 valuable reference work 
with, 
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AMERICAN OF ‘CIVIL ENGINEERS 


CITY PLANNING AS TO 


L. STarKIE AND O. H. Koon. 


> 


Nigh ‘L. M. ‘Axe. S00. 0. -E.—It seems to be commonly accepted 
¥ that every city, irrespective of s size, is : subject to the same ; general principles i in 
3 the application of a modern, comprehensive city plan. _ There are few, if any, 
problems present in the larger cities that are not also -encountered—although 
most always in -degree—in the smaller communities. economic 
; advantage, however, rests distinctly with the smaller city, in that, the earlier 


in the state of development of a a city the plan 1 beco , Ps 


ecomes operative, the | grea 
3 will be the saving in cost and the simpler the task of the city planner. wy 


Bei an ‘incurable ‘obstacle in the preparation of a city plan or one a 


mountable o only at prohibitive cost, what engineer not dreamed of the 
ideal condition in which a city has waxed and expanded from the date of its al a 


inception in accor dance with a well prepared an d well directed city plan? ‘I How- “due 


ever, such attempts as have been made in that direction may well be termed pe x 


ee fortunate, perhaps, , for the progress of ‘the science of city planning i in at 
advancement of a city” under planless "processes must 
usually reach the point where the chaotic and wasteful conditions 


“olin and directed procedure in con 
prepared plan. This is because it a 
difficulties, to overcome for progress in the perfection of the 


science, “and it enlists initially the much-to-be-desired interest of the citizen. 
problem of securing and the interest of 


This discussion the paper by H. A. Wood, M. Am. Soc. C. at the 
meeting of. the City Planning Division at Dallas, Tex., on April 25, 1929, and published in 
_ May, 1930, Proceedings), is printed in Proceedings in order trat the views expressed may be 


brought before all members for further discussion, = 
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ON CITY PLANNING FOR SMALLER CITIES [Pa 
ofa tendency to 1 urge the engineer to incorporate in the plan ideas that 


are advanced fc for of existing faults, | no out 
1. por 


n the 


streets in ‘the: vicinity their places of "business | as a sure, sign progress 


and a condition to be preferred. Fortunately, howe ever, highw ay engineers in 
Texas are insisting on locations from a broader viewpoint, so as to” by-pass 


_ trough traffic around population centers and, at the same time, to avoid rail- 
Toad grade crossings wherever possible 
os aise, The ‘traffic problem is present everywhere, in the small as well as in the 
! large city, and the elimination of railroad interference with thoroughfares | 


a very important part in considering that question. From a 


experience in railway service the "speaker has no hesitancy in saying that 


practically ever ry r asonable request, equitably made, to share in the Scam 


grade- -crossing Separations on existing | locations: of railways will meet with 
ready and co- operative response on the part of the railroad so far as financial p 


abilities — will permit. _ There is an alarming increase in the number of new 


"grade c1 crossings being ‘opene as compared w ith the number ‘that are being 
‘The city planning engineer specifies, with every” yailroad 
— grade- ~eroasing separation which he proposes, , the closing of one or more exist- 


anity in 1 general as well as the city which 


ee | statement by the Master Plan Engineer of the City of © Dallas ‘that 


“planning ‘should be done along regulatory lines rather than the ¢ correction of 
existing _ errors”, indicates an active interest in whole success of city 


Wie gf 


planning. The 1927 Enabling of ‘Texas takes” cognizance of this 
: 5 viewpoint. Any city plan which proposes in whole or in part for immediate e 
“consummation, changes, alterations, or relocations, at a wholesale rate, is 
untimely. city plan once adopted should remain in 
(subject to modifications as changing ¢ conditions demand), and 

of i its should be made | gradual process with its. 


ossibly never fully” attained. ‘Thrifty railroad com- 


| 


panies are are e continually their standards of ‘various physical properties, 
hat except in the rarest of instances, the new facilities are not installed tll 
_ the old ones have completed their useful service life, or until unusual economic — 


conditions warrant a change. Adaptation of this thought to city planning is. 


‘illustrated in the  “set-bi -back building lime”. The process m may be sl slow er, but 


the e transition to the accomplishment of the plan is ; performed in an orderly 


manner; it ‘interferes least with the even tenor of ‘the industrial, comm nercial, 
Social, and eel life of the community, and, i in the end, it provides a more 


enduring continuous and useful service to the greatest number of citize ol 


H. Kocn * M. Aw. Soc. C. E.—That city ‘planning i is just as ‘vital and 
mportant to the smaller cities as to the larger ones has been emph ized by Ps 1 


the author. | He has outlined § a number of principles and recommendations = 


as regards city in like to call attention 4 
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to a few points wherein the smaller cities differs from in 


population of than 50 000 may be considered to define a city. 


"This is the type” that predominates in Texas ‘as well as in other States. 
_ Texas has many cities of less than 50 000. inhabitants, but only a few as 


 — larger. _ The same type of discussion could be very readily carried on as _ 
to the difference in planning | between cities of 100000, or 200000 ‘inhabitants 

the great metropolitan centers. In each of these various classes there 
are many local and individual problems which are ‘peculiar to each classifica- 


| 


tion, and which need to be solved. in a different manner. Many people hav 
ie the impression that city planning, i in a town of 25 000 - to 50 000 = gin ig 
is a comparatively simple matter, but the speaker maintains that a good, 


ae sound, sensible, and practical city plan for a town of this | size requires 

great deal of study and careful “consideration. 
3 The first step in preparing a ¢ 


existing conditions. This step in a small city is, of ‘course, much ea easier 


more: simple than in | the larger : cities. The next step is to analyze the pro- 4 
jected needs of the community by studying its past record of growth and to s . 
attempt to predict the future growth and n needs. In this prediction it will be o 4 . 
“necessary to determine the probable type | and character of the future of the 
community. This problem of trying conscientiously to predict ‘the: future wey 


city: than it has for the large one, and d that particular decision is one of the fe aac 


most important essentials in preparing any city plan. City. planning should 
at least 90% and 10% corrective. ix accuracy with 


the availability of a ‘more di definite and tendencies of growth upon 


which to base predictions. Int the emall cities this: particular information is 


somewhat limited, and the planner has, as it were, a shortér base line >from a 


__ which to project and predict future tendencies. . In the large, more established rae. 
: cities, the: trend of growth and type 0 of development is more firmly estab- ‘ bee 


its general character is more permanently fixed. Any unusual 
development, would not change its: established characteristics to any great 


extent compared with the material effect that the ‘same unusual ‘development 
have upon the smaller city where the proportion of importance 


ina supported by educational institu- 
— tions, and which has been residential ‘in nature for many years, a satisfactory 


- city” plan could be dev eloped based t upon ‘such conditions. Suppose that 


o large manufacturing ‘company should decide to | build its factory in this city 
to import a number of factory: employees. oh This unusual ‘develop: 
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PLANNING FOR ‘SMALLER CITIES 
ange its Wi pananinr ai would require a complete change of the plan. 


nr In the larger « city the introduction of a fair-sized ‘manufacturing plant. would | 
not make any appreciable change, since ‘it would probably not be the first 


manufacturing plant that city. ‘That phase would have been anticipated 
to a certain extent, the city plan -eould be adapted to meet the situation 
without materially affecting its character. big ‘oe Sense 


‘Thus, in a smaller "city, it is necessary to decide whether or ‘not it would — 
avs 


‘ga 
be advisable to ) prepare a providing for such possible. industrial develop- 
ments, thereby furnishing incentives and encourag gement for securing 


additional activities for the city, or whether it would be better ‘to ignore such 
possibilities prepare a plan v which is. limited to developments of its 
present type, thereby discouraging the possibility of securing such industrial 
er inance is ) always a subject of paramount importance to be considered in 


- the city plan. | While the first cost of engineering | studies for : a plan in the " 
#4 ‘small is not as great in a a larger the per cost would prob- 


3 


ity. The ‘same 


“thing is true in n the matter of ‘corrective city While the property 


values are not as high and the corrective measures would not total the large 

amounts which are reached in the greater cities, ‘it is also true that smaller i 


_ cities have less ability to pay even a | smaller r proportional cost. _ This condi- 


requires considerable judgment to inaugurate and ex 
~ would be thought to be a practical and economical program, both from the 


andpoint of first cost as well as that of ‘executive cost. de. 
chief value of city planning lies in anticipating future needs, which 
is a matter of budgeting the city’s facilities, much in the same manner as its _ ; 


program is budgeted. the planner is skeptical in regard to the 
city’s growth and tries to be too conservative in planning for the immediate 
future, only, in order to hold down cost, he will not be securing the fall | 

_ measure of benefit | to be derived from city planning. | On the other hand if 

he is too optimistic and plans for- too ‘many ye years ‘in advance he apt 

cause. exceedingly large expenditur res for immediate use and to 
of expense and unused facilities. ‘The excess cost of the superfluous facilities, 
44 the overhead carrying ¢ charges, and the maintenance of these items, capitalized a 
over a number of years, could very readily exceed what the cost would be 


with a more conservative plan, even if the additional corrective measures — 


€ had to be taken after a period of years. It is this choosing of the happy 7: 
that will: determine the value which any city plan 
In n the larger city the cost of future corrections, after a of 
a years, would be considerably more in ‘proportion than the probable cost of 
such additional widening would be ina ‘small city. This fact, together with 
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greater valuations and borrowing power on the part of a city, would 
justify more ‘liberal plans and ambitious programs than it would in the 
small: city. example, the cost of excessive widths of the streets in a small 


wi city might t be a burden, even if such cost were limited to present —e - 
Bay 


r excess right- of- way widening only. Even: though the paving on 
not unusually wide for the present, the cost paving inter: 
ctions, extra length of driveway turn- outs and cross- -walks for each resi- 


ence, as well as the additional maintenance for such extra paving : 


we be considered. While these ‘items may seem com- 


al 
paratively insignificant to planners i in the Sains metropolitan areas, they im 


4 a much greater proportion of ‘the original project than in the larger city and e 3 


KOCH ON CITY. PLANN FOR 1: # 


~ 


this excess cost capitalized and put on compound interest over a period of 


“95 or 380 years, would pay a great. deal of corrective work at that time. ae 
the larger cities playgrounds, parks, « ete, can be provided | with ‘much 


more > flexibility because of the ‘greater number to be supplied; hereas_ in 
the small cities” the e matter of first cost per capita again enters into the s¢% ae, 


economic amount which can be spent for such facilities. ay In the small city 


the density of population per acre : is ‘considerably less than i in the larger city. fa 
The facilities required for playgrounds and parks would be less and if suffi- 


cient playground space were provided, based upon a liberal estimate of io 
density of population, several years i in the future, it would: add unneces- 


anf imme 


Fea 


the x matter of zoning, areas aside for business, industrial, and 

residential ‘Purposes would vary considerably in their proportion to 


another depending ‘upon. whether the problem to small or toa large 


city. In the smal] one there is not so much possibility of providing transi- i) 
“tional property ‘that could be readily changed to the of 
the business: industrial sections. 


an different ‘manner. The small communities are ‘justified in 
spending money to eliminate the objectional grade crossings. This: 


lem, which is planned i in the larger cities as a major must 


a _ reckoned with in an entirely « different manner in the small city. These same 

‘principles are typical of the oth ‘other phases of city planning. 
While « city planning | is of gr great value to the smaller alien. the real re 4 


. will only be obtained by a practical and common sense application of its prin- ae 
iA ciples heretofore developed, s 

idiosyncrasies which are peculiar to the City planning in t 
; beginning was born of necessity due to congestion and intolerable conditions 


in the cities. of the work i in this field was developed 


intolerable conditions first gave eity planting The 
gained has encouraged the city planning Principles to be applied to ‘the 
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KOCH ON CITY PL AN NING FOR SMALLER CIT IES is DEE per 


has educated the publie to the of the great: 
advantage: of planning in advance. This work has been most intensive 


— larger cities and the methods and principles adopted _ were designed to 


suit conditions | there. With the advantages thus” favorably established the 


* _ move naturally is spreading into other cities as well. * The success and d degree 
Was of benefit which the smaller cities will receive will depend entirely — 


sa city planner’s ability to recognize the slightly different conditions; they will | 
depend his sense of proportion i in adapting t the principles, in a a practical: 


‘manner, to suit the differing conditions. wit send 
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te OF DECEASED MEMBERS 
—Memoirs will be reproduced in the volumes of. Any information 


which will amplify the records as here printed, or correct any errors, should be forwarded to — a E 
the Secretary prior to the final publication. | 


DECEMBER 
AS 


‘rank Milligan Ashmead was born at Germantown, Pa. on. February 2 


1858, the s son of Samuel B. and Mary (Milligan) Ashmead. His: father, 
-B. Ashmead, a leather merchant in the City of Philadelphia, Pa., traced his ‘ 


od to J who ‘came to to Germantown, from 

his “ently 4 in the public schools | of Ger 


a “mantown and ‘Philadelphia, afterward attending the Philadelphia Polyt technic 


nstitute from which he was graduated i in 1875. ail 


His first professional “engagements were in construction work on the 
Dutchess and Columbia Railroad, in New York State, and the Columbia and 


Deposit Railroad i in Pennsylvania. He afterward went to the Allegheny 
mise # = 
Valley Railroad Company with which road, its branches, and successors, he 


during future professional life. He first served as Assistant 
"Engineer « on the low -grade division, after which he was, successively, Engineer, i 


Department of Bridges, Engineer, ‘and Chief Engineer, with head- 
“the Railroad Company took over the Alle- 
= gheny Valley ‘Railroad and merged it with the Western New Y ork and P enn u 


sylvania Railroad, designating them the Buffalo and . Allegheny Valley Divi 
don, Pennsylvania Railroad, Mr. Ashmead became Engineer, Right of a 
Engineer of the ‘Division. He remained in Pittsburgh until 


a 1008, when he was transferred to Buffalo, N. Y., as Assistant to the Principal a ; 


ne 
In 1918, | ‘Mr. Ashmead’s health began to » fail, and by request he w as i 
ferred to Pittsburgh (to be near his children), where he continued to serve as ss 


“Assistant to the Principal ‘Assistant Engineer intermittently on problems of 

right of way, e ete., until he retired in 1921. After this time he lived, pore 


; sively, in Atlantic City, N. J., and Cleveland, Ohio, in which latter city ee 


Frank Ashmead was of sterling integrity, retiring in disposition 

much respected and beloved by his subordinates and’ associates. He was 

well informed, not only in regard to his profession, but” upon many other sub- fea 

% jects of a philosophical | and economic character. _ While he spent practically iy 

all” “his professional life with one organization, he was well and favorably 


known on many of the Eastern railroads. te at 


Memoir prepared by James H. 
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3 ae on 1 December 2 22, 1881, to Mary Lillian | Herron, of Oil 
City, Pa., who. Charles B. daughter, Edith 


. Ashmead was elected a Member Society of Civil 
4 

Fepruary 28, 1930. 


‘He was of English anbeatuys his earliest known. paternal ancestor 1 was Michael 
ie Bures who was seated in Dorset, England, in 1075. His earliest paternal 


i ancestor in America was George e Bowers, wh , Whose son, Je erathmell Bowers, built. 
the Bowers homestead in 1695 on land granted from the King of England. 7 


having passed down from generation to ‘generation. 


a - George Bowers spent his early life in Middlesex Village and Lowell, Mass., | 
a where he attended the local ‘schools. He started hi his engineering work in the 


City ] Engineer’s s Office in Lowell, -vemaining | for two. years before entering the 
Massachusetts Institute of ‘Technology with the Class of 1875. _ After: leaving 


ie 


ia the Institute he was employed as First Assistant Engineer on the construction 
of the Waltham, Mass., Water- Works. Returning to Lowell, he became Fi 


Vas 


Mai: In addition to his regular work as City Engineer, Mr. Bowers carried wal ; 
an extensive series of experiments with driven wells to determine whether it — 


"TT 


would be possible to supply Lowell with ‘driven- well water. He was convinced 


that this could | be done, and his judgment ‘proved. to be correct, for sine ‘a 
wells were put into operation, . Lowell has used no other water supply. | He 


was the author of a number of driven-well experiments. 
After leaving tk the > City Engineer’s Office, 1 Mr. Bowers took up ‘consulting 
- work, which he followed until his last illness. He planned, and was Engineer | 4 


during” the construction. of, a new driven- well water supply for Chelmsford, 
Mass., and acted as Consulting Engineer for The Nashua Manufacturing Com- 


‘pany, and The American Hide and Leather Company i in connection with water a 
problems and the disposal of wastes, During the World War, Mr. 
Bowers was Engineer for | a development for the United States Housing Board. 


At a special meeting of the Board of Trustees of the ‘Lowell Institution — i 
Savings, of which Mr. Bowers was First Vice- President, the following 


' 


any “George Bowers, our First Vice-President and Chairman of our Board of G 
_ Investment, died Friday morning, February 28, 1930, at a few minutes after 
ei midnight. He was born October 30, 1848, in Middlesex Village, and after- 
wards lived in the old Bowers Homestead on Wood Street, built in 1695. This 
is to be the oldest house now in Lowell. gilt to 
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was elected Corporator, Trustee, Vice- President, and member of the 


_ No ruler ever had his more at heart, nor has a great 


one of and saving many lives. This was his of 
A “He was faithful to all the duties imposed upon him of whatever = & 
and this bank will turn back its pages to his record and say with pride, ‘Well oe 


life- -long Unitarian, , George Bowers devoted time and money to help 
He was a member of the Boston Society of Civil Engineers, the New 


| Heda Water Works Association, the Engineers Club of Boston, the ‘Vesper 
Country Club, a number of historical and philanthropical societies. 


i On October 24, 1878, Mr. Bowers was married to Estelle L. Wilkins, who 
survives him. He also leaves a daughter, Helen E. Bowers, 


W. Bowers, Assoc. Am. Soe. C. E, and Alton R. Bowers. 


r. _ Bowers was elected a a Member of the foe Society of Civil Engi- 


PETER FRANKLIN BRENDLINGER, M. Am. Soe. C. 


Diep DECEMBER 16, 1929. 


> 


=. 


‘ranklin Brendlinger was born on January New 
Hanover, Pa. 1 He was the son of Frederick Brendlinger, a land owner and aa 


farmer, storekeeper, and Postmaster for many years, and, at one time, County 
Treasurer. His mother Was Mary (Hill) Brendlinger who, Tike her husband, 
of sturdy Pennsylvania German stock. His: immediate forebears 


never moved from this location since his great-grandfather | had settled there 
1751, having emigrated from Getzigen in Wurtemburg, Germany. 


Mr Brendlinger prepared for a college education in the country s schoo 


* of his home district near Pottstown, Pa., ‘C and at the Tremont Academy, a 


Norristown, Pa. He was graduated as a Civil Engineer in June, 1870, ieee. >. i. 
; ‘the Polytechnic College of the State of Pennsylvania, in Philadelphia. ides rue 


a BR rom August, 1870, to o August, 1871, he was an n Assistant Engineer on =e 


‘November, 187 4, he served as Assistan t the Virginia, 


Pa.; and i in ‘and April, “187 5, he was in charge of the Right 


a 
surveys for which were: ‘started in 1875. ‘The City Engineer of Allegheny, Pa., 
was the Consulting Engineer, and Mr. was Engineer in of 


* Memoir prepared by Clark Charles 8. Churehill, Members 
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pany, of Chisago: Tl. At that t time the Point Bridge w was s the longest ‘ span 

chain bridge in the Designed by Edward Hemberle, an Austrian 4 

birth, it had a span of 800 ft. In 1904, it was generally rebuilt and, in 1921, = | 


replaced by a heavier and more modern structure. Me 

June until July 4, 4, 1877, Mr. Brendlinger was in charge of testing 
American iron and steel for the United States Commission, wig by the 
date Q. nr and Alexander L. Holley, Members, Am. Soc. C. E., and 


W. Smith. Between July 4, 1877, and November, 1878, he served 


Assistant Engineer on the location of the Pittsburgh ‘and Lake Erie Railroad 


‘Pittsburgh to Youngstown, Ohio; later, he became Resident Engineer 


of Construction in charge of the Ohio River Division. ion, 
From November, 1878, to July, 1881, Mr. -Brendlinger was Chief Civil: 


Engineer for for the Edgar Thompson Steel Works, at Braddock, Pa., w vhich work 
_— ineluded surveys locating iron mines in Centre County, with headquarters 


at Bellefonte, Pa. He resigned from the Steel Company in 1881 to | become — 


Me A Assistant Chief Engineer of an important ‘railroad | project. Tn this connection, = 


he was the recipient of. a short autographed letter from Andrew Carnegie, 


beak 


<< “Yours: duly re rec d. It is always painful to me when one of on corps leaves 


r the service but I can scarcely wonder that you longed to get back to Rail- | 


Pe “That is a great line you are building—a great property—I hope it will 
“With best wishes f for your success, ted) 


ue 


From Jely “4, 1881, ‘January, 1884 4, Mr. Brendlinger Assistant 


y 


| Chief Engineer for the Pittsburgh, ‘McKeesport, a and Y oughoigheny Railroad — 


trom Pitts sville, Pa., a 
of 60 milés. 1878 and 1881, the mileage of ‘railroad 


_ ‘struction in the United States was s comparatively small, due to heavy ‘mort- 


gages and many receiverships on existing ‘railroads. This undertaking i in 


was the first of considerable moment in Western ‘Pennsylvania. it was 
planned to be e constructed ona relatively high standard as to roadbed, masonry, 


¥ br idges, 2 and track; and Mr. Brendlinger \ was selected to carry out these plans. s 


| He took great | care in selecting the entire Engineering Department and ener- an 
; ae getically followed up every detail necessary to bring about the > desired | results. i a 


The line was for traffic on November 19, 1883, at a cost of about 


interest on its cost, a end thereafter this. 


Soe From J anuary 1, 1884, to April, 1888, Mr. Brendlinger was Chief oe is 


of the Pennsylvania, , Schuylkill ‘Valley Railroad of all Penn- 
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_BRENDLINGER 3 | 


ilroad, « on n the > Not 


tom 


“topographical maps covering large area between 


Hazleton, Pa., before the best route could be determined. wolves 


final location, which included approximately right- 
of. the outcrop of the Mamouth Coal Measure of the Mahanoy Valley, within: 4 


ineer the Stephen Girard Estate, w where the coal has a thickness of 40 ft., ., involved the 3° 
of a pillar of coal as a support of railroad with a depth o 


about 300 ft. The line was located in the spring of 1885 and contracts were 
- awarded by. Mr. Brendlinger in April of that year for a railroad with roadbed, o 
masonry bridges, and track i in accord with the standards of the Pennsylvania 


ilroad_ Company. The same characteristic expedition which he had prac- 

ti iced in n Pittsburgh was. used by Mr. Brendlinger, with the , result that the —. 


was completed and operated betw een Philadelphia and Pottsville, Pa. in 
Nover ember, 1886; and through | to -Nescopeck on the Pennsylvania Railroad, 
©, and thence, t to Wilkes-Barre, Pa., in April, 1887, the new lines constructed north | ‘te Ce 


of Hamburg, covering 1 Brendlinger 


received great credit for the 
of the construction records and which were 


. Brendlinger was General Super- 
iment of Construction for Brown, Hows ward, ‘and ‘Company 


In 
‘general work, “until 1896, the 
onkers, , for the Buffalo, Rochester and Pittsburgh Railroad Company, 
and fox the “Leng Island Railroad Company. He also was” associated with 
Pennell and O’Hearn, , Contractors, construction for 
From 1896, until he retired from active in 1914, Mr. 
was a General Contractor engaged on work for the Pennsylvania “ha ' 
Company, the Pittsburgh, Cincinnati, Chicago, a nd St. ‘Louis Railway Com- 
pany, and the Philadelphia a nd Reading Railway Company, comp ipleting the 
- following works: For the Pennsylvania Railroad Company, change ‘of line 


Pome, Pa., and Oxford, Pa, at Milbourne Mills, League Island, and Lewis- 
town Narrows, and on the Gallitzin Tunnels ; for the Pittsburgh | and Erie 


1 


ot Railroad Company, Renovo to Keating, Pa.; : for the Susquehanna Coal Com rh 
pany, , at Millersburg, Pa.; for the Philadelphia and Reading Railroad Company, 
‘Bowmansdale, Pa., Shippensburg, Pa., Barnitz, Pa., and Hopewell, 


s for the Baltimore and Ohio Railroad, the Baltimore and Ohio Southwest Yard, : 
. at Philadelphia ; for the Cleveland Short gp Railroad Company, at Cleveland, 
Ohio; and for the Pittsburgh, ‘Cincinnati, Chicago, 2 and St. Louis Railroad at 


Cambridge: ity; I Ind. ds 


Com- now the Sunbur, ; 
span of the Susquehanna Iniver. surveys Were ste Ved 10, loos, 
an by § part of the line north of Hamburg, covering a section where there were dificult ae 
l,was [§ questions to be settled between the new line and both the Reading Railroad i a 
mB and the Schuylkill Canal; also, difficult questions arose from the necessity of = 7 
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Mr. was an easily helpful man and a 1 good friend. 
He exercised | an uplifting influence « on those with whom he was associated. 
His thoroughness and care in his « engineering practice was, after 1888, fol- 
_ lowed in his contract work. — The high standards of his entire life work ania 
in all business and social dealings with others. mi) Did 
ee aye He died in Philadelphia, Pa,, | on December 16, 1929, from heart failure, 
3 a caused by shock and exhaustion resulting from a 1 fractured hip, due toa fall 
five weeks previous. 


and d prior to the accident had retained the keen and alert ‘mental feat _ 
only ee was ‘married to Hannah Emily Rooan, on October 24, 1872, who died lon 
April: 2, 1924, There survive him four children: Margaret R. Brendlinger, 
a George F. Brendlinger, William B. Brendlinger, and Mary B. Olmsted. 
Mr. Brendlinger was elected a ‘Member | of the American Society of. Civil 


MORSE FEL TON, M. An. Soe. CE 


= 


‘ncaa Samuel Morse Felton was born in 1 Philadelphia, Pa., on February: 3, 1853 7 


in 1633, ‘His earliest paternal ancestor was Nathaniel Felton, Ensign and 
‘Tioutenant in the Salem Foot Company, v who came to America from Great © 


Yarmouth, Norfolk, England. His father, Samuel Morse Felton, was Super- 


 intendent of the Fitchburg Railroad in 1843, and, in 1861, as President of. 
the Philadelphia, Wilmington and Baltimore Railroad Company, arranged 


He came of old English stock, his ancestors having settled in ‘Salem, Mass. 


for the secret passage of Abrabam Lincoln from Harrisburg, Pa. to Wash- 
ington, D. the time of his first inauguration. He afterward 
President of the Pennsylvania ‘Steel Company. His mother, Maria Low 
Ee (Lippitt) Felton, was the seventh in descent of Roger Williams, Seainie nin 
a King Philip’s War and Governor of Rhode Island Colony, in . 1654. Hii, a 
Mr. Felton’s inclination and early training were along railroad 
was educated i in private schools in Philadelphia, and, for two years, took a 


engineering course at the Pennsylvania Military Academy, at Chester, Pa. ud 


working during» vacations as Rodman on the Chester Creek efter: 
leaving. the ‘Academy at Chester he spent one year in the field w “sit 
"party on the Lancaster Railroad, New ‘England, as Leveler 


ex 


Engineer of the Chester and small line being 
structed by the e Reading Railroad Company along the Delaware River. at 


is His. ambition was to become the « operating head of a railroad system, and, 


in Sui at the age of twenty-one, he was appointed General Superintendent 
C. G. W. R. R., Chicago, Ill. 
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Massachusetts Institute of Technology, at Boston, Mass., and was 
hi ion, se 0 
the degree of Civil Engineer. After his graduation, becau: 

| 


of an 


he remained until 1882. In 1881, ‘Felton was also made 

-intendent of the Little Miami, and Cincinnati and Muskingum ‘Valley Rail 

road Companies. In 1882, he became General Manager of the New York and 


New England Railroad Company; in 1884, Assistant to the President « of the 
New York, Lake Erie, and .Western Railroad Company, and General ‘Manager 


failure, 
a fall 
h year, 


culties #1 ern part of ‘the Erie System. _ In 1885, he was made Vice-President i 


Charge of Trafic, later taking over, in addition, ‘the duties of ‘Vice-Presiden 


lied on n Charge of Operation. He remained in ‘these Positions until 1890, ‘he 


linger, 


Oivil “and the Cincinnati, New Orleans, and Texas Pacific allay 


at that time, was on t the Federal Bench i in Cincinnati, He in 
that year became Receiver of the Columbus, ena Hocking ‘Railway 
Company and the Kentucky and Indiana Bridge Company. He directed tl 
_ operations of these properties: until 1899, when the late E. H. ‘Harriman 
secured control the Chicago and Alton ‘Railroad and, finding complete 
_ rehabilitation necessary, decided tl that Mr. . Felton was: best fitted to undertake 
the work. He prevailed | upon him to come to Chicago, Til., ‘as President of the 


Toad, where he until this time rebuilt ton Rea of the 


: , was aa we 
eg 1907, he was elected President of the ha Moan O Central Bailway Company 


and the Mexican American Steamship Company, continuing in | those positions 
the Mexican Government “merged all the 


i In 1909, Mr. Felton returned to the United States 
the Tennessee Central Railroad Company. — In the fall of that year 


ri making an examination and report on the road for the re- organization man- 
agers he was elected President of the Chicago Great Western Railroad Con 


pany and its affiliated lines. - He held this office until the end of 1925, when 


he was made Chairman of the Board of Directors, in which position he 
remained until his death. From 1912 to 1914 he also Co- Receiver 


President. of the Pere ‘Mectiaeie Railway Company. When Mr. Felton too 
charge of the Chicago Great Western Railroad Company, it had just emerged 


a receivership, but within ‘Period of six ‘years he completely ‘rehabili- 


> property ron a dividend- 


‘the was ‘not maintained, and when it: ‘was turned back 


again what ‘Mr. Felton had ‘begun i in 
and 
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Company in sight when assailed him, and he was 0 relin- 
-quish the active direction of the railroad to others. we 
Mr. Felton maintained interest in railroad and was a a member 

of the Executive Committee of the Association | of Railway Executives, of the 

Ww estern Association of Railway. Executives, and of ‘the Western ‘Railway 
Committee on Public Relations. He was also ¢ a Director of the American 4 
Railway Association 2 and President of the ‘Western Railroad Association. — Dur- ia 

ng his railroad career he served on several important ‘engineering commis in 
sions, having acted as. Chairman of the Engineering Commission the City 


of Cir neinnati to select the location for a new water- works ,» and, n 1900, he 


vas engaged by the ‘Commercial Club of St, Louis, Mo., to report on a munic 
ng g interests" 


Felton’ “most service was ‘probably, with 


al larger number of. troops ‘than any other r single line. At the outbreak of 


the war it handled the first troop movement to Chattanooga, Tenn., which 
consisted of 31. trains leaving Cincinnati 10 min. apart and reaching Chatta- 


on time, without: delay or accident; 

mie June, 1916, while acting as President of the Chicago Great Western — 


Railroad, requested by the W. ar Department to organize troops to 
0 perate the railroads in Mexico ir in the event the United States Army found © 
it necessary to advance south of the border. %: His title was , Consulting Engineer 
and Adviser to the Chief of Engi ineers, , United States Army. He went zealously — 
to work and, in a short time, engaged a sufficient number of railroad men, 
Aa Mexican railways, to. fill the most important positions thereon, 
and arranged under option, if needed, locomotives, ¢ construction and 


"wrecking trains, rails, and cross-ties to. replace destroyed track, telephone 
telegraph equipment other material. June of year he joined the 


material ready for initial movement. of "This, fiowever, 
unnecessary a as the tension between the two countries relaxed. 
In the meantime the « question of forming a reserve force of railroad men 
i the Engineer Corps” was consi sidered by the War Department, and Mr. 


Felton was requested to plan its organization. While this ‘work was progress- 
ng, the United States entered the World War and the original plan w 

_ enlarged upon, as it was found necessary to organize, at once, nine regiments 


work of eqn sipping regiments was hurried, 


3 4 mal 
— he 
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of 
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re 
— | tal 
d re-organization managers on 23 railroads a é 
— 
ios 
4 
— 
— 2) ay 
— 4 
— 
appointed: Direc for. Gene his 
residence in. Washingto d by the Secretary of War to make contracts 
regiments, being , without ‘going through the customary for- 


malities. days” after his appointment as_ Director of Railw: ay. 
he contracted for the building of three hundred locomotives and in pinoedaa a 
working days thereafter the first one » was crated ready for : shipment. = 
total amount “ contracts made under his direction was $612 0 000 000, covering : = 


st -standard- gauge cars 930 n narrow- gauge ‘cars; 823 anes ; “rd 


| gantry cranes; and materials for more than 100 w w rater stations, 749 345 tons 
* of rail (the equivalent | of 5 951 miles of single track), and other i items of like | +4 

proportion. careful buying a saving 0 of “more thaw: $53 000 000 was made in 


w,: In addition to the purchasing of materials and supplies, 84 000 transpor- 
tation men were organized in battalions a and regiments: for service overseas 
ss and, at the time of the > Armistice, 70 000 transportation men were in France eand 


My. Felton” made trip) of Inspection to France, traveling 
mt among a all the ‘battle lines. On May 23 | of that year, he was made Vice- 
~ President of the Port and Harbor Facilities Commission of the United States aa 
Shipping Board, and, 1918, became Acting ‘Chairman, performing the 

4 3 duties of the office until ip left Washing ton. He resigned as General Director oa 
of Military Railways on December 0 soli 
“hy Mr. Felton emerged from the war without : military rank. He was t twice 
ffered. a commission as Beloudion General, but refused, believing that a place 

the military organization would prove a hindrance rather than a help i 

a his work, was awarded the Distinguished Service Medal of the United 

| ia — States Army, the first one > granted toa civilian. - In further recognition of his 

war work, the F rench Government: made him the Legion of 

After the close of the war he was appointed Honorary Adviser to to the Army — 

a _ Industrial War College, a member of the War Department Business Council, 


Chairman of the Committee on Military Affairs” of the Association of 


oN otw ithstanding | the heavy responsibilities imposed - upon him by his. rail- 
road duties, Mr. Felton found time to interest himself in many 0 outside merca 
tile and financial activities, ‘the success of which bore witness to his 5 abilit 


| and added luster to the corporations v which he was. identified. He was Mel 


ty, 


Company, the Peoples Trust and of 

- Life Assurance Society, the Chicago Surface Lines, and the Colonial Land ‘4 3 
Company. He was a member of the We estern Society of Engineers, American | : 
Railway Engineering Association, Franklin Institute, American Legion, Civ: il 
Legion, Society of American Military Engineers, Veterans of Foreign Wars, 
Ohio Society, Sons of the Revolution, Ohio Society of, Colonial. War, and the 


cago. Club, Chicago Athletic Association, ‘Saddle and Cycle, and Old Elm 
Club, 
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os _ There was nferred 1 upon him t the degree of Doétor of Laws by the Penn- 


sylvania Military Academy and by Marietta College, of Marietta, Ohio. 
ae was a member of the Corporation of the Massachusetts Institute of Technology. a 
a _ Mr. Felton was married i in 1880, to Dorathea Hamilton, of Pittsburgh, Pa. pe 
Felton died in 1923. They had three daughters and one son. 
Felton was clotted Member of the American’ of Civil Engi- 


GEORGE CHARLES KREUTZER, M. ‘Am. Soe. C. 
—_— oni to ‘omit 46 


> 


_ George Charles Kreutzer was born on a ranch in Douglas County, Colorado, a 


ae on March 6, 1884. He was the son of Edward D. and Jane Eliza (Keppel) 


Kreutzer. His fattier came to America from Germany i in 1867, remained in | 
New York and Pennsylvania for a few years, and then, in 1874, with his wife, &§ 
a native of England whom he had married the preceding ge moved to 
4 


Kreutzer’s boyhood days were spent in hard work on his father’s ranch 
where he gained that background of practical experience in n agriculture, irri i- ‘ 
gation, and lumbering, which was to prove so valuable to him in later years. ay 
Ame He attended Grammar School at Sedalia and High School in Castle Rock, — 
Colo. He entered the Colorado Agricultural College at Fort Collins, Colo., 


in 1908 and was graduated i in 1908, with the degree of Bachelor of Science in 
Engineering, having taken his major work in civil and irrigation 
Ag 


‘neering. He worked his way through college under great difficulties, but even * 
i a so, he made an excellent scholastic record and was an outstanding leader im 
call: student activities. ih 1922, the degree of Master of Science was conferred 
Bs On leaving college in 1908, Mr. ‘Kreutzer’s first ‘employment was as Special 
Field Agent, , Bureau of Irrigation Investigation, ‘United States Department _ 
of Agriculture. ‘Although he only occupied this | position for a few 
a it was the beginning of a useful career in the public service, both State and - 


National, largely in irrigation and land problems. 


; Colorado where he finally established himself on a ranch in Douglas County | 


again entered the employ of the United States Government tor a brief oe, - 
this time with the Bureau of. Reclamation, Department of the Interior, as 
Assistant Superintendent of Irrigation, on the Shoshone Project, in Wyoming, 
' where he supervised the ‘operation of the Garland Division during the summer =a 
e fall and winter. 3) He continued 
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Experiment Station, and was engaged in the studies of practical irrigation 
i 


1010, Elwood Am. Soe. C. E. , Chairman of State 
fi 


and Water Supply ‘Commission of the State of ‘Victoria, Australia, was visit- 


all irrigation and water ‘supply works s serving farming districts. While 
n the United States Dr. Mead asked ‘Dr. Charles A. Lory, President of ‘the | ae 


Colorado to suggest some one qualified to. serve as 


eing “marked “ability | combined agri- 
training and experience. Mr. Kreutzer was recommended by Dr. 
8 Lory and, as a ‘result, he accepted an offer made by the Commission and early a 
in 1911 was appointed ‘Superintendent of the Cohuna Irrigation ‘District in a 
Northern Victoria, Australia. This ass assignment, which “first brought Mr. 
i Kreutzer in contact with Dr. ‘Mead, was the beginning of an enduring friend- 
and professional relationship. Mr. ‘Kreutzer’s success in this work was 
ee marked, and the progress of the ‘District under his” administration so a 
satisfactory, ‘det he was ater transferred to the Central Office in ‘Melbourne, 
Victoria, Australia, and made a general Economic Adviser in the creation of 
projects and the reconstruction of old ones. He continuéd in this work 
until 1916 when, owing to the interruption in irrigation development in 


is Australia, due to the World War, he resigned his position and returned to the 


Bi In J uly, 1916, Mr. Kreutzer was appointed Agricultural Adviser of Kern | 
California, as a part of the Agricultural Extension Service of. 
University of Californie, ; in co- operation with the U. S. Department of Agri- — 


.  eulture. " In this work he gave special attention to co- operative marketing and i 
production. duties were later enlarged to include the supervision 


ri “ay of county + agents engaged i in similar work in Kern, Kings, Tulare, and Fresno 


_ Counties. - In 1918, , the Legislature « of California passed the State Land Set- , 


Chairman, having returned to the United States in advance of Mr. Kreutzer. 
ee - This Act had for its purpose the creation of planned farming ‘communities — 
a = of home owners organized to co-operate and to have the benefit: of long- time 
‘payments and low interest rates in the purchase and improvement of their 
: _ Mr. Kreutzer was made Superintendent of the Durham Settlement, — 
=" the first to be established under the Act, and remained in this position, which 
filled with fidelity, until 1 1924. bs rise! at 
standing, | Mr. 
followed when Dr. by the in the 
= of 1924, as Commissioner of Reclamation, U. S. Department of the es % 
Interior. Concordantly, in June of that year Mr. Kreutzer was ‘appointed 
Chief of the Division of Reclamation Economics, under Dr. Mead. In this 
position, which he held until his death, he was untiring in his -efforts* to 
_ improve the economic status of the settlers on the Federal ‘Trrigation Projects ’ 
the. of a an English ‘clergyman. ‘They had two children, 
William Elwood and Adelaide Dorothy, ‘beh of whom; with his widow, survive Ae 
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surviving him are one brother, William R. and ‘three 


sonality. In it were combined warm ‘human sympathy, and a delightful sense of | 
padi 
A= humor, together with ‘unusual clear business sense. _ Hew as a man of “much 


and extraordinary skill in with people 


Mr w as da Member of the American Society of Civil Engi- 


EDWARD MeCLINTOCK, M. Am. Soe. C. 
William Edward McClintock was born i in Hallowell , Me. on July 
* 1848, the son re Captain John McClintock, a a well known navigator, familiar 


ith ev every sea, who crossed the Pacific with an ordinary “watch for” a 


and a school atlas s for a chart, “Bailey (Shaw) 


McClintock. On his paternal side he was af Scotch- Irish descended 
4 gS - from William McClintock, a defender in the Siege of ‘Londonderry in 1689. 4 
bt His earliest American ancestor was W illiam McClintock, who came to the 


rs ‘United States, | a babe in arms and whose parents” settled in Medford, Mass, 


ri 3 On his mother’s side, he was s descended from the Rev. John Bailey, a 


MeClintock’s early education w was acquired in the public schools, sup- 

plemented by a four- -year course at Hallowell Academy, and one year at Kent's» 
mn Seminary, at Readfield, Me. — His early manifested taste for engineering 


was inherited from his paternal family, his grandfather, William ‘McClintock, 


having been an ‘expert, Surveyor; some of whose work are 


“ae of training for his profession, including both ethos: and field work, and 
he also. received instruction from a private tutor. His first work as an e engi- 


: neer was in connection with the United States Coast and Geodetic Survey with 


which he was engaged from 1867 to 1876 on work in Maine, ‘Massachusetts, 


York, Carolina, South ‘Carolina, Georgia, Louisiana, and 


— 


, and ‘also 
on a re- survey ‘ie Boston and Maine Railroad “Company, 


-includ- 
all its branches in Massachusetts. In 1880, he was elected City Engineer 


of Chelsea, Mass., which position he retained until 1890 when he went into 
business with Mr. J. Leslie “Woodfall under the name of McClintock and — 
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Pass the of Mississippi River; surveys for the 


: improvement of the harbors of New York, N. Y., Boston Mass., and Portland, 


surveys for the improvement of the Saco, Savannah, io, St Mary, 


‘St. John, and Nassau Rivers; and the installation of sew erage system for the at aa 


cities ‘and towns of Chelsea, Revere, Gardner, Westfield, Ea: st Hampton, 


Lenox, Natick, and Lexington, Mass. ; Bennington, Bat 
Calais, Me.; Exeter, N. H.; ‘St. Stephen and Milltown, B., Ca 


He also served : as Consulting En ngineer on sewer and water- works construe 


in Holyoke, ‘Spencer, North Brookfield , North Attleboro , and several 
towns in Massachusetts as well as in other States. 


Mr. MeClintock was actively identified with ‘the “Good Roads Movement 


in nd, in its advocacy, he wrote various papers, , and deliyered 
addresses | in nearly every city and town in the Commonwealth. In 1892 the 


= old League of American Wheelmen, which had been agitating the question — 


of better roads for several years, was publishing a a magazine in an effort to 
- stimulate public interest. At that time Mr. McClintock was building roads = 
various towns in Massachusetts, Maine, New Hampshire. Through the 
of the League, Governor W. Russell ‘appointed a Commission to 
investigate and report on the improvement of highways in Massachusetts, 
as Mr. McClintock was appointed as the Engineer Member, together with George ‘een 
Perkins, | a lawyer, and Nathaniel ‘Shaler, widely known as Professor 
Gongs at Harvard University. The result of the. studies of this Commission 


that outside the settled comminities there wer were practically 


1893, the ‘passed an for the establishment of 


the Massachusetts Highway ; Commission and these same three men were 
form tl the new Commission. Mr. McClintock was 
appointed by Governors Greenhalge, aleott, Crane, Guild, and Bates. 
unt 1908 when he relinquished this work tog give his services to ee own home 

e town which had been recently devastated by fire. sa) He may be identified as a 

pioneer in- the Good Roads Movement, and had much to with. ae 

Engineering Staff that to. “carry” out the Massachusetts ‘system of 

road: -building, a system which has been widely studied and copied ‘throughout : 

: the country. He was nationally known as the “Father of Good Roads. 
Bra It was during his administration as Chairman of the Massachusetts High- 

Pi Pes Commission th that the increasing motor-vehicle traffic sk showed the imprac- 
ticability of the water-bound macadam highway which until that tim e had 
been considered the finest road in existence. Under Mr. McClintock’s leader- 

the bituminous macadam | highway was devised, and it has since been 
standard for the ‘superior motor highway, of the h aviest 
travel where concrete has been adopted. 

In 1908, came the Chelsea fire, during w w 
: rendered homeless, and churches, public buildings, and schools were destroyed. 7 
McClintock was the man whom one looked to take charge of the 
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Chelsea was ‘to have an emergency commission form of government 


five years, Mr. McClintock was selected by Governor Eben Draper as Chair- 
a _ man of the Board of Control. In this capacity he ay again had an opportunity 

show his executive and ‘constructive ability in the rebuilding of the city, 
aa and ‘to this. end he g gave e unremittingly of his ‘time and service. . Despite some — 


ae - opposition and many difficulties, this Board brought Chelsea out of its stricken 
condition. It rebuilt al all the public | buildings, laid i out new streets, and left 
3 the « city, with better structures than it had previous to the fire. It was while 
a he was engaged whole- heartedly this work that he was recognized 
as Charles E. ‘Hughes, of New York State, as ‘the leading authority in 


the United States on the construction of modern highways, and he was invited ‘ 
to accept the Chairmanship of the New York Highway Commission. — , ae 


refused this offer because | he was devoted { to his community to the 

"89 In 1918 ‘when the city returned to the Mayor and Board lof Alder 


of government, he was appointed Superintendent of Chelsea Ferry which p posi- 
tion he held until ferry was ten became connected 


Ee died at his home in Chelsea on March 2, 1930, in his eighty- second year. 
= Mr. ‘McClintock served on the Board of Aldermen, and School ‘Oitinlittice,, ; 
was a Vice-President of the Chelsea Savings Bank. He ‘was one ‘the 
- organizers and first President of the Massachusetts Highway Association, 2 H 
member of the Boston Society of Civil Engineers, , and, in addition, « an Instruc- 
in Highway Engineering at Lawrence Scientific School, at Harvard 

ae was a member of the Robert Lash Lodge of Masons, and the 

Royal Arch Chapter of the Shekinah, and of the Review Club. He il idan’ -— 
_ neatly connected with the Church of the Redeemer (Universalist) of Chelsea. « 

He was married in Portland, Me., in 1873, to Mary Estella Currier. Th: 
vale: five’ children all of whom are living: ‘William J. , of Melrose, “Ma 


Francis B. and Samuel, of Chelsea, Paul, of Hillside, N. J., and Dorothy, Ve 


Mr. McClintock was ‘elected ‘a Member of Society of Civil 3 


| Guy Moulton, the son of Emery and Mary J. (Churchill) Moulton, \ was: 


on February 25, 1861, in Cicero, N. Y. 

q Evia _ He received his early education in Cicero, later enrolling at Cornell Uae 
a _ versity, in Ithaca, N. Y., from which institution he received the « degree of ; 
ar Ag Bachelor of Science in 1881. Following his graduation, Mr. Moult ; 


bi employed by the Buffalo, Rochester and Pittsburgh Railroad serving 
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MEMOIR OF MOULTON 

as ¢ Transitman, and Leveler ‘until the autumn of 1883. 


a In ‘the early summer of that y year, he held the position of Assistant Engineer _ - 


on location for the ‘Pittsburgh and Allegheny Railroad. 


_ From the cation of 1883 to the spring of 1889, Mr. Moulton was engaged 


> ine other business, but returned to the Engineering Profession when he accepted — an 
position of Transitman for the Lizard Creek Branch of the Lehigh Valley 

Railroad. In J uly, 1889, he was promoted to be Assistant Engineer i in charge a 


of construction on the Buffalo Extension under the late Paul S. King, M. Am. 


Soe. C. E., Chief Eng ineer. 
M Moulton left the service of the L Lehigh ‘Valley Railroad Company i in 
"December, 1892, to design and | supervise the construction of an addition to 
the ‘sewerage system at Watkins, which work was successfully 


pleted in the spring of 1893. Following a brief engagement with the New 


for England Railroad Company as “Assistant Engineer, a similar 


‘position was accepted with a survey party for a private railroad in Tennessee 


during the s summer of 1894. e During the ‘succeeding year he acted as Super 


intendent and General Manager for Charles McFadden in mining eae 
coal in Pennsylvania. 


at ri During the winter and 


New York. He vy was in charge of work from 


my Oneida County line 88; ‘the “<9 000 000 Improvement” and after its com- 


pletion, he was given char of the entire ‘Middle Division. 

in 1904, as Resident Mr Moulton had charge of Residences 6 
7 i, and a part of Residence 5, of the ‘Barge Canal System. In 1909, he 
Was appointed Division Engineer and, in ‘1911, First Resident Engineer of 


the System. In 1915 was again “made Division Engineer of the Barge 


Canal which position he held until his retirement in 1922. 


an office in Moulton had been in n failing health follow- 


Inga major operation in the summer of 1929, | but continued his usual activity 
a to the end. Death came to him as he was leaving his son’s automobile on the - 


way to his office, the result of a heart attack. 
vim ma Mr. Moulton was known among the members of the Engineering Profession ie 


asa capable. engineer of scrupulous integrity ; to the public, as a 


‘Servant; among his associates, as a constant and unchanging friend; ; and t 
his family, as a devoted and generous husband and father. 
= He was a member of the First Universalist Church, which he served in 
many ways. He was affiliated | with the ‘Masonic bodies and was a member 


the Citizens’ Club of Syracuse. As an active member of the Syracuse 
Technology Club, he served as Director , Vice- President, and President, and — 


on many of its committees. Mr. ‘Moulton ably served his city upon two Flood eS 
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MEMOIR OF RALPH WALDO NICKERSON (Memoirs, 


He was a great lover of Nature. During the early morning and evening 


te hours he took “especial delight i in hia, garden 2 and the growing of roses, dahlias, 


“4 gil He was m ‘married on March 16, 1887, to Sarah Adeline Wright, of Cl: 


. who, with three sons, WwW ebster_ Lloyd W., and Guy ‘Meteo, 
Mr. Moulton was Member the American Society of Civil 


wand RALPH W ALDO NICKERSON, M. Am. Soc. C. E.* 


_ Ralph Ww nae Nickerson, of an old New England fami was born on 
CE 


ember 26, 1881, at Tiverton, RI His father was Capt. George Ferdinand 
Nickerson, and his mother, Marie (Springer) Nickerson, was a 
of Knight Springer of Revolutionary Service. 


Nickerson prepared for college in the public schools of 


entered Worcester Polytechnic Institute, Worcester, Mass., ,» in the fall or ae. 
ya and was graduated in 1903 with the degree of Bachelor of ‘Science. 2. Imme- | 
a diately after his graduation he entered the employ of the American Bridge 


Company as a Structural ‘Draftsman in the East Berlin, Conn. He 
was to ) the position ‘Squad. Leader i in 1906, and a 


abe va 


“designed the steel framework for “many amon 


which were the new plants of the American Brass" Company at Waterbury, 
= \nsonia, and Torrington, ‘Conn., and Kenosha, Wis. He also had gener ral 


upe rvision of the detailing of his own designs. 


175,981 


‘During his connection with the American Bridge Company Mr. Nickerson ~ 
as released to do special work for H. G. Baleom, M. Am. Soe. C.E, Con- 


sulting Engineer of New York City, under whose direction | he earl 
designs for s several large office buildings there. apt 


In December, 1924, he resigned his position w with the American’ Bridge Com- 


‘pany and opened an office in New York City, as Consulting Engineer, making — 


specialty of of structural steel, reinforced concrete, and Ww hile 


in private practice Mr. N ickerson n designed the structural steelwork and founda- 
ns for a large number of theatres, office buildings, miscellaneous 


structures, in various parts of the country, and established a reputation for 


" * Memoir prepared by J. E. Wadsworth, J. B. French” and H. G. Balcom, Members, 
Soc. C 
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OF GEORGE HARVEY. NORTON. 
In 1928 Mr. [Siedenatee entered the Engineering Department of the George | 
he A. Fuller Company and remained with ‘that Company until. his death on 
18, 1929. During: this period he had the direct. ‘supervision of the work 
of the Company on the No. 400 Madison Avenue Building, the Beaux Arts — 
Apartments (312 313 East 44th Street), the Astor Apartment 


East 86th Street), all i in New York Bre! . 
on Mr. Nickerson was a man of sterling character and of indisputable integrity. — 
§ He was an indefatigable worker and a man of unquestioned reliability. He 
a the confidence of the companies by which he was employed and of his — 
for whom he acted as a Consultant. 


wad a ‘member of County (Ne ew Jersey) Chapter of the 


: 241, F. and A. M., and. an Elder in the Hillside Presbyterian Church. ert “tis 

He i is survived by his : widow, ‘Edith North Nickerson, and two sons, Ralph 


if, Mr. Nickerson was: elected a a Member of the ican ‘Society of 
GEORGE HARVEY } NORTON, M I . Am. Soc. C. E. il 


Diep Marcu 4, 1930. 


George Harvey Norton, the son of ‘Harvey Norton, M. 
Martha’ Graves Norton, was born in East Pembroke, N. ve “on October 24, 


1863. In 1887, he was graduated from Cornell University, st Ithaca, N. 


with the degree of Civil Engineer. 
| in su au 


 ‘Inhise sarly life, during 1887 and 1888, Mr. Norton was engaged in survey 
wo ork on the Duluth, South Shore, and Atlantic Railroad and the Chicago and 
Michigan Railroad. ‘While thus ‘engaged, he went to Buffalo, N. , on 
. vacation and ‘obtained a position as Substitute Draftsman with the Grae 


Crossing C Commission. 4 ‘Within six months, he was appointed Assistant Engi- — 
ae) under the late George E. Mann, ‘Nin . Soc. OC. E., who for years served 2 
both as ‘Engineer for the City of Buffalo and the Grade Crossing Commission. 


Mr, ‘Norton entered the service of the City of Buffalo on November * 1888, 4 ge 


was closely associated with all. its more important e engineering projects 


i ae ae i 


Among his notable accomplishments, ‘were the improvement of Scajaquada. 


(Creek a: and, coincident with this , the improvement of the Buffalo, River and 


Cazenovia Oreck, for relief from floods. From to 1895, as Assistant 
‘Engineer, he also. constructed and operated temporary sewage pumping 

plant, made paving plans, and had charge of the underground construction 
preceding paving, on about miles: of streets. During 1896 and 1897, he 


From 1898 to 1908, Mr. Norton, as . Assistant City Engineer, v was in imme- Be 
diate e charge of ‘all Bridge, harbor, and hydraulic work 0 


prepared Edward P. M. 4m. Soc. C. 
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tion. He was in charge of the design and construction of several fixed bridges, 

_ haying spans of from 40 to 150 ft., and the general location, design, ‘and con- 


_ struction of temporary structures and foundations for two bascule bridges, 


sy ip one of 110-ft. span and the other of 166-ft. s span, together with the super- " 
‘Vision: of the construction and operation of these bridges. 

te His name is likewise outstanding in the development of Buffalo’s water- 
had immediate suy supervision of the plans and the dredging o of 

ba Buffalo’ s Inner r Harbor, this project. costing approximately $900 000, and, -dur- 


= 1908, he wan engaged i in survey and engineering work i in negotiations for 


of a large part of Buffalo’s Outer ‘Harbor, as well, as in 


making hydraulic studies and plans for. flood abatement and exter nding the 
navigable channel in Buffalo River, ata total cost of about $1000: 000. 


‘From: 1909 to 1923, as City: Engineer, Mr. Norton was in charge of all 


street, sewer, sidewalk, and bridge construction and ‘maintenance, all cit 
harbor deepening and extension. , land surveys, the supervision of — 


occupation of streets, and valuation physical properties therein, as well 


as a great variety of other engineering w« work ¢ arising in a large ° city. Si “Some 
of the larger projects ‘included the improvement extension 


tion; the beginning of the Scajaquada Creek drain, one of the largest of 
such projects for placing streams below ground; water- r-front 


studies of sewage treatment; and the e settlement of long disputed water- ~~ | 
rights and titles, Expenditures in 1 this work, under the City Engineer, 


City Engineer, ‘Mr. } Norton : also was made Chairman the City Plan- 


ES ning Committee, and served as such until the spring of 1926. __ During ee 
a time there w as developed a general City Plan, including, the location of public 
_ buildings and the adoption | of a _ zoning ph se ‘He was also a Director of 


the Buffalo” City ‘Planning Association and Niagara Frontier "Association, 


was deeply interested i in general city planning. 
In 1923, Mr. Norton became Chief ‘Engineer of, ‘the Croasing Pe 
Commission, and s served in this capacity until his death. 


~ His career in this office 1 was a notable 2 one, and. as Chief Engineer of the Grade » 


Crossing Commission, his services in connection with the location and design 
the New York Central Terminal | were, perhape, the erowning 


interests and activities were many and varied, and in _addition 


By reas 


civil life, he had an honorable ‘military record. He enlisted in the Sixty 
fifth Infantry, New York National Guard, 1889, advancing: to ‘Corporal, 


4 Sergeant, Second ‘and First Lieutenant, and, i in May, 1898, he received his 


Commission as Captain, in which rank he served throughout the Spanish- 
American War. . He was placed on the Reserve List in 1918, re- -assigned to the 
_ Sixty. fifth Field | Artillery i in 1919, and appointed Major of Field Artillery and 

placed or mn the Retired List in 1920. 


_ Major Norton’ 8 services to the Buffalo Chamber of Commerce as Vice-Pre resi 
dent and as "member of the Board of Directors for two consecutive terms 
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vere and useful. He was particularly. active on Planning and be 
“‘Maring Airport Committees, and developed the first plans for the landing roe ot 
was the author of various” articles for technical ‘paper social 


_ publications. He was a Past- President of the Buffalo Section of the American ae a 
Society of Civil Engineers, the Engineering Society Buffalo, and the 4 


American Society for Municipal Improvements. He was a mem ‘of the City 


Planning| Institute and the Cornell Society of 


He was a member of many prominent groups, some of which are | as follows: 
The Automobile Club of Buffalo, the Scottish Rite ‘Masons, the Shrine, the | a 
ir’ Rotary Club, the Torch Club, the University Club, the Buffalo Athletic Club, , a 


Hook and Axe Club. He was a member the Central Presbyterian 


om ‘Silos Norton’ s life was cut short at the crest of his active career, when © 


he passed away on March 4, 1930. He was one e of the finest of men, a worker 

who loved his work and no ostentatious praise. He was filled with 
_. the spirit of service to the community, and possessed a kindly, gentle char-— 

acter that endeared him to all who knew him. ‘He was a highly ‘esteemed 

ie gentleman, and, in his death, Buffalo has lost one of its great builders. He 


was Beloved by all and his] passing a void that ¢ can easily be 


many pabliedtions in own of New York State, of which 


* 
the following from the B alo vening News: 28 WT 


of Major George H. a man who has had a part 
in nearly every big public improvement that has been carried out in Buffalo nap 
i during the last forty years. In many of them he was the directing mind. fis* 
iy City Engineer and, later, as Engineer for the Grade Crossing Commission, — 


he had responsibilities far beyond any credit which his modest mind ever 


gt 
Tes — Moreover, it may be said for ith that in a 1 long lifetime of public employ- Pe. 
; ment, he retained the confidence and the friendship of those with whom he | 
, was associated to such a degree that even dissent from his plans never meant Be 0S 
personal criticism. Closely associated as he was with government, he was oe Ca 


by everybody as distinctly an engineer, not a politician.” 


ripe 


“ Hei is by his widow, Mrs. ‘Elvina ‘Margaret Schifer le Norton, and 


Major Norton was elected a Member of the Society of Civil 


Engineers on April 7 1915, and at the time of his death was on 
oard of Direction, his term of office not expiring until 1932, ¢ 


Drep January 27, 1930. 
Harry Taylor, the of John Franklin and Lydia Ta was born 


N. H. on June 26, 1862. His ancestors were of English stock who 
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the United States about 1650 and 
New Hampshire. They helped found. Sandbornton 
Ro Bridge, later ealled Tilton, and several of them served in the Revolutionary 
ng a Cadet at the United States Military Academy, 
We Point, N. Y , Harry Taylor resided in Tilton and attended the Tilton 
Academy. He entered the U. S. Military Academy « on uly 1, 1880, w as 3 grad- 
Tie uated on June 15, 1884, and was appointed | Second Lieutenant in the Corps 
Lieutenant Taylor's first assignment was at Willets Point (now Fort. 
Totten), where hea served with the Battalion. of Engineers: and at the 
Roane School of Application from 1884 to 1887. In 1887, he was assigned 
_ to duty at Wilmington, } N. ©.. , where he served as Assistant to the late Brigadier 
eneral Ww illiam H. Bixby, Corps of Engineers, Ss. A. 
, the District Engineer in charge of river and harbor : im- 
provements. in North Carolina and South Carolina. He ‘Promoted to 
es (a tne on n December 1, 1887. In 1888, he was ‘transferred to duty 
at the U. S. Military Academy, where he remained about one year, being 
assigned in 1889 to duty under the orders of Lt. -Col. G. L. Gillespie, Corp: 
ie of ‘Engineers, U. Ss. A., then at ; New York, | Se and was placed in local 
charge of the construction of new fortifications at Sandy Hook, In 
Lieutenant Taylor w was transferred to. ‘the: Pacific Coast where he 
~ oie. placed i in local charge of the construction of the Jock at The Cascades, Oregon, 
a. on the Columbia River. He supervised the | erection of the lock- -gates, the 
Da largest that had b been « ‘erected to that time, , and designed the operating machin- 
for them as well as ‘many ‘of ‘the ‘masonry details. 
Hew was promoted to Captain, Corps of Engineers, January 6, 1896, and in 
_ the same year was placed in charge of the construction of fortifications on 
] 2 ‘Puget Sound and also of the improvement of waterways in the newly- created 
Seattle Engineer District, remaining on this duty until 1900. He was then 


assigned to duty at ‘Boston, ‘Mass., in charge of the construction” “of fortifica- 


tions and - the works of river and harbor improvement in the Boston Pon! 
‘District. He remained there until 1903. Captain Taylor was placed in com- 
mand of Company L, 3d Battalion of in 1903, ‘and took his com- 
a pany to the Philippine Islands in October of that year. He ‘served in the 
"Philippines until October, 1905, and while there was ‘on ‘duty, successively, 
as Engineer. Officer, Department of Luzon ; Commander of the 3d Battalion of 
, _ Engineers ; and District Engineer i in charge of fortification construction, w which 
initiated in 1904. He was promoted to the grade of Major, Corps of 
Returning to the United States, Major Taylor, after a few months’ duty 
.” the Office of the Chief of Engineers, was assigned, in 1906, to duty at New J 
London, Conn., in charge of river and harbor work in that vicinity and of % 
ae ‘fortification work at the eastern entrance of Long Island Sound. He was also 
harged the purchase and issue of 60-in. ‘searchlights gasoline 
3 uated generating sets required for : fortifications in ‘the United States and 
its: possessions. ‘The purchasing agency established by him at New London was | 


later moved to Washington, D. C., the World the pro 
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curement agency which purchased a large of the ond 


ornton required by the Engineer Service. It. still exists as part of the Suppl Section 
ionary of the Office of the Chief of Engineers. 
\demy, Major Taylor was promoted to the grade of Lieutenant- Colonel, Corps: of 
Tilton Engineers, June 24, 1909. He remained on duty at New London until 1911, 
| grad- = when he was » transferred to the Office of the Chief of Engineers, Washington, — > 
Corps 3 C., and was placed in charge ge of the River and Harbor Section of that office, o oa: _ 
“where he remained until 1916. He reached the grade of Colonel, Corps of 
Fort Engineers, February 28, 1915. In 1916 he ws as transferred to duty in New 
at the York ‘City, in charge of the work of river and harbor improvement in the rer 
signed First New York District, and as Department Engineer of the Eastern Depart- 
gadier ment, S. Army. J At the time of Colonel Taylor’s assignment to duty in 
Ss. York, t the Prospect of the entry of the ‘United States into the World War 
growi ying, and, as a result, in addition to his regular duties, he was engaged 
ted t in th the examination of applicants: for commissions in the Reserve Corps: and in 
duty selection ‘of sites for camps s and ; for the training o of troops, 
being | On May 26, 1917, Colonel Taylor | was selected as Chief Engineer, Amer- 
Expeditionary ‘Forces; sailed for May. 28, 1917. He was 
in France until 12, 1918, initiating the engineering works 


On hie. return to the United States he was assigned to duty in the Office 
the Chief. of | Engineers, Washington, D. He was honorably discharged 
i as Brigadier General, June 1, 1919, and on July 1, 1920, was appointed 


Brigadier General and Assistant Chief of Engineers. General Taylor on his” 


assignment to. duty i in the Office of the Chief of ‘Engineers i in 1918 was, again 


- placed i in charge of the River and Harbor Section and continued in this work ro 


until his appointment as Major ( General , Chief of Engineers, on , June oes 
1924, Ve He served a as Chief of Engineers until June 26, 1926, when he ‘was ae 


on the retired 1 list of, the Army, having reached the statutory age 


General ‘Taylor was ‘awarded Distinguished Service “Medal for his 


in the \merican Expeditionary with the following citation: 
og “For exceptionally meritorious and ‘distinguished services. ‘Arriving in 
_ France June 11, 1917, as chief engineer, American Expeditionary Forces, eee 


was 
required for the support of the U. S. Army i in France. 


conspicuous and “ficiently insti- 


New 
of was: made a Commander of f the Legion of ‘Honor by the French 
" also Government for his services s during the Wats, be sic T 


sled ae _ During his forty-two years’ service > as an officer” of the. Corps « of Engineers, 


sand 
> preparation ‘of plans for the defense the coasts” and in the interest of the 
mwas 

improvement, and utilization of the r rivers and harbors of the. States 
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for navigation and other purposes. He was a member of an Advisory Board 4 


aaa Officers of the Corps of Engineers ‘appointed in 1910 by direction of the | ; 
President 1 to assist the Secretary of the Interior i in connection with granting 


permission to the City and County of San Francisco to use the Hetch Hetchy 
in California for a new water | supply system. 


experience in fortification construction began with the construction 


of new works of harbor defense in the early Nineties when Congress, realizing 
the: defenseless co ndition of the coasts, again began to make appropriations 


new fortification construction after a lapse of about twenty years. He 


- Was an . outstanding fortification engineer, and when a Captain, devised with | 
Capt. R. R. Raymond, Corps” of Engineers (now Colonel, U. Ss. Army, (Re- 


tired)), an ingenious hoist for transferring the h heavy ammunition from the 


magazine level of the batteries to the firing platform above.. This hoist was a 


toa large in batteries constructed prior to the V War. ‘During his 
ab service n the Office of the Chief of Engineers as a Assistant to the — 
Chief, Chief, and Chief of Engineers, General Taylor’s duties were 


in connec 
for the ‘purpose of navigation He acquired an extended acquaintance 


knowledge of works of river | harbor improvement, 

with his sound judgment of their value to water- borne commerce, was of great 


to ‘the committees ‘of Congress in ‘the preparation of appropriation 


“rr ti 


bills for these > w vorks. a While serv ing in the Office of the Chief of Engineers 


samy 


d supervision over “many important engineering works for the Federal. 
‘Government. One of these was the Wilson Dam on the Tennessee River at 


hich he was particularly | interested and which was 

Taylor was an engineer of great ability, with active, Togical 
sitdid: and his decisions were made quickly and with excellent judgment. F ol 


lowing his r retirement from the Army in 19 1926, he engaged ir in 


and fishing which with him all his life. 


ao This liking for outdoor life was no doubt largely responsible for his excellent " 


physique, and for his physical appearance which gave little evidence. of advanc- 
ing years. : His untimely death from pneumonia, after a brief illness, in Wash- 


= 3 ington, D. i where he had made his home after retirement, was a shock to his a 


many friends. He was buried Arlington National Cemetery where he 
rests after a life | that devoted ‘to his country’s service the talents thich 


General Taylor married at Portsmouth, ONY 


Portsmouth. “He j is ‘Mrs. two ‘childre 4 

Yates Taylor and Mar Taylor, now ‘Mrs. “Alfred Craven Bruce” 
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August, 1930. 
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General Taylor was elected a of the American of civil 
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Morgan Edward -Yeatman born at East Surrey, England, on 


Seni 
August | 8, 1851, the son of Morgan and Mary C. L. (Penrhyn) Yeatman. He 
educated at Marlborough, gradu ated with honors in “Mathematics” and 


Classics at Trinity College, Cambridge, became WwW rangler i in 1874, and . Master 


Mr. Yeatman was articled in 1874 to George Fosbery ‘Chief ‘Engi- 


“neer to ‘the Mersey Docks and Harbour Board and was engaged on extensive (leg 
new « dock and harbor works for that Board, including the preparation of the se 
first plans fc for the Liverpool Overhead Railway from 1877 to gio ade 


He then came to the United States and “served until 1884 as as 


Engineer on the construction of the Pittsburgh, McKeesport, and Youghio- 
_ gheny Railroad, under the late Jonathan Wainwright, M. Am. Soe. C. E., a 


‘Chief Engineer. Mr. eatman was engaged on the design and construction 


From 1884 to 1885, was Principal Assistant Engineer (Maintenance) 
the Pittsburgh and Lake Erie Railroad (Lessees of the Pittsburgh, Mc- 
Keesport, and Youghiogheny Railroad). In 1886, with Mr. Wainwright, he 
entered into private practice : as Consulting and Constructing Engineer with | a 
in Pittsburgh, Pa. In this ‘capacity he was until 1888 
on various bridges and railroads, his experience including bridge detailing a a 
_ for the Keystone Bridge Works and the Iron City Bridge Works (C. ws Schultz — a 
- From 1889 to 1896, Mr. ‘Yeatman was ; Principal Assistant Engineer, Main- a 
= of Way, on the Norfolk and ‘Western Railroad, with headquarters at < ; 
Roanoke, Va., in charge of bridge work on 1 500 miles of line. This work 
included the renewal of 2 a large’ number of the older bridges. He compiled 
the first Standard Bridge Specification for this railroad. 
From 1898 to 1908 he was Son the staff of S. Poison end on the design 
of new bridges for the ‘Tehuantepec National Railroad, in in “Mexico, and the 
Arica. La Paz Railway in Chile. He also designed the structural steelwork _ 


the Mexican Ports of Coatzacoaleos and Salina Cruz, wharves, 


1908, Mr. Yeatman the “private of engineering 


“which practice he continued in Westminster until 1915. 


He was a member of the Society of American Military Engineers, and 

yard served as its President in 1925. He was also a member of the Army 5 = 
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Be a was a man of many hobbies ; he was fond of sailing and was an excep- — 
tionally fine 1 musician. his death, which occurred at his residence at Hill 
House, Buckingham, on “November 17, 1929, after short ‘illness, at the 


advanced age of 78 years, the Baginecting Profession loses a ‘man of keen nn 
intellect, a great mathematician, and bridge expert. 
Mr. Yeatman was elected a Member of the American Society of Civil Engi- 
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